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EXECUTIVE  SUMMARY 


Problems  and  Objectives;  Historically,  die  militaiy  stores  vehicles  and  equipment  with  fiill  fuel 
cells  for  long  periods  of  time.  Also,  daring  maneuvers,  vehicles  such  as  the  MlAl  combat  tank 
do  not  use  all  the  fuel  or  only  "top  off"  the  tear  fuel  cells,  since  the  front  fuel  cells  are  difficult 
to  reach.  Under  these  circumstances,  the  fuel  deteriorates  and  absorbs  moisture.  Under  these 
conditions,  degradation  products  are  formed,  free  water  is  accumulated,  and  microbiological 
growth  may  begin.  These  products  will  quickly  plug  the  fuel  filters,  disabling  the  vehicle.  These 
fuel-related  problems  have  affected  many  units  to  such  an  extent  that  they  are  well  below 
combat-ready  status.  During  Operation  Desert  Siueld/Storm  (ODS),  fuel  cells  in  entire  battalions 
required  cleaning  before  they  could  be  transported  to  the  battle  area. 

The  objective  of  this  program  was  to  design,  build,  and  demonstrate  the  concept  of  a  mobile 
piece  of  equipment  capable  of  cleaning  contaminated  fuel  and  diiq)ensing  the  fuel  additives  for 
microbiological  growth  control  and  fuel  stability. 

Importance  of  Project;  A  mobile  Fuel  Filtration/Additive  Unit  (FAU)  could  remove 
contaminated  fuel  from  the  vehicle,  filter  particulate  and  water,  inject  required  additives,  and 
return  the  clean  fuel  into  the  vehicle.  This  FAU  would  allow  for  the  military  units  to  remain 
combat  ready  and  to  reduce  maintenance,  cleanup,  and  fuel  filter  replacement  costs.  An 
additional  capability  of  the  FAU  is  that  it  can  convert  Jet  A-1  into  JP-8  for  the  Army’s  "Single 
Fuel  on  the  Battlefield  Concept" 


Technical  Approach;  A  mobile  Fuel  Filtration/Additive  Unit  was  designed.  The  unit  has  the 
capability  of  filtering  dirty  or  contaminated  fuel,  injecting  additives  into  the  clean  fuel,  and 
returning  the  fuel  into  the  vehicle. 

Accomplishments;  The  FAU  has  been  fabricated,  qualified,  and  field  tested.  The  field  testing 
included  an  emergency  contamination  problem  in  which  up  to  80  percent  of  a  battalion  was 
having  fuel-related  problems.  The  FAU  was  able  to  clean  the  fuel  cells  and  return  the  unit  to 
combat-ready  status  in  a  short  period  of  time. 


Military  Impact;  The  development  of  the  FAU  allows  for  a  simple  and  rapid  means  for  the 
military  to  clean  and  additize  fuel  containing  gross  quantities  of  particulate  and  water.  The 
additive  systent  is  also  capable  of  converting  Jet  A-1  to  JP-8. 
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I.  INTRODUCTION  AND  BACKGROUND 


The  military  has  encoiinteied  fuel  stability-related  problems  for  over  30  years.  These  problems 
have  occurred  as  far  away  as  Diego  Garcia  in  the  Indian  Ocean  and  coast-to-coast  in  die 
continental  United  States.  When  vehicles  use  this  contaminated  fuel,  they  frequently  encounter 
massive  fuel-filter  plugging.  The  constituents  in  the  fuel  that  plug  the  niters  include: 
1)  inorganic  compounds,  i.e.,  sand,  dust,  and  dirt;  2)  fuel-container  surfaces,  i.e.,  resins, 
frberglass,  polyurethane  foams,  and  elastomers;  3)  fuel  frlter  media;  4)  microbiological  products, 
i.e.,  fungus,  yeast,  and  bacteria;  and  5)  organic  products,  Le.,  fuel-derived  sediment  and  gunLCl)* 
In  addition  to  these  contaminants,  the  fuel  cells  breathe  due  to  tenrperature  changes.  This  process 
brings  moisture  into  the  fuel  cells.  The  excess  moisture  Aen  accumulates  and  settles  to  the 
bottom  of  the  fuel  cell.  Besides  the  water  itself  being  a  problem,  free  water  is  an  ideal  media 
for  the  growth  of  microbiological  products.  The  design  of  fuel  cells  on  armored  vehicles  is 
furthering  complicating  this  difficult  problem.  Generally,  the  fuel  cells  have  unconventional 
designs,  containing  many  hidden  traps  for  water  and  dclxis.  Even  if  a  drain  plug  exists,  not  all 
the  water  and  debris  will  drain.  Heavily  armor  these  areas  and  you  have  fuel  cells  that  have  poor 
access  and  which  are  very  difficult  to  properly  clean. 

Historically,  the  military  has  not  been  able  to  maintain  these  problem  vehicles  without  great 
expense  and  time.  Many  times,  the  only  method  for  cleaning  the  fuel  cells  involved  completely 
removing  the  power  pack.  Even  this  power-pack  removal  did  not  completely  solve  the  problems. 

During  Operation  Desert  Shield/Storm,  at  Ft  Hood,  TX,  whole  battalions  had  to  have  their  fuels 
cells  cleaned  before  the  MlAl  battle  tanks  could  be  driven  to  the  railcars  for  shipment  to  Saudi 
Arabia. 

Even  in  Saudi  Arabia,  other  fuel  problems  surfaced.  The  military  had  decided  to  use  JP-8  as  the 
"single  fuel  on  the  battlefield."  This  concept  had  been  successfully  demonstrated  in  a  JP-8  Fuel 
Demonstration  Program  conducted  at  Ft  Bliss,  TX.(2,  3)  However,  most  vehicles  in  Operation 


*  Underscored  numbers  in  parentheses  refer  to  tire  list  of  references  at  the  end  of  this  report 
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IDesert  Stoim  had  to  opemte  on  Jet  A-1  fuel.  This  use  of  different  fuels  created  further  fuel  filter 
plugging  problems. 

The  military  preferred  to  operate  its  vehicles  and  equipment  on  JP-8,  which  contains  a  corrosion 
inhibitor,  fuel  system  icing  inhibitor,  and  a  static  dissipator  required  by  the  military  for  aviation- 
type  fucls.0  However,  only  limited  somt^s  for  converting  the  Jet  A-1  to  JP-8  were  available, 
and  the  Air  Force  controlled  diose. 


I  II.  OBJECTIVES 

I 

i 

Tlie  objectives  of  this  program  were  to  design,  fabricate,  and  demonstrate  the  feasibility  of  a 
piece  of  equipment  that  could  clean  fuel  contaminated  with  gross  quantities  of  particulate  and 
water  and  could  dispense  additives  into  the  fuel.  These  additives  could  cither  convert  Jet  A-1 
to  JP-8  or  control  microbiological  growth,  thus  increasing  fuel  stability. 


III.  APPROACH 

The  approach  was  to  design  and  assemble  a  nx>bile  system  capable  of  puiTq)ing  fuel  from  the 
vehicles  and  small  storage  tanks,  filtering  any  particulates  and  water,  injecting  additives,  and 
returning  the  fuel  to  the  fuel  cell.  The  system  had  to  be  flexible  in  operadoi^,  yet  be  user 
friendly. 

When  designing  this  system,  as  many  of  these  features  as  possible  were  incorporated,  without 
making  the  FAU  uiululy  cumbersome  to  transit  aiui  operate. 


IV.  DESIGNING  THE  FUEL  FILTRATION'ADDITIVE  UNIT  (FAU) 

In  designing  the  Fuel  Filtration/Additive  Unit  (FAU),  certain  operation  pararmteis  had  to  be 
fulfilled.  Some  of  these  constraints  were:  1)  the  FAU  was  to  be  trails  mounted  for  field 
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operations;  2)  the  pumps  were  to  be  eirher  centrifugal  or  positive  displacement  puir^s  capable 
of  transferring  fuel  at  a  rate  of  227  liters  per  minute  [60  gallons/minute  (gpm)]  with  a  10-foot 
total  head,  using  a  test  fuel  with  a  marimum  viscosity  of  4.1  cSt  at  40°C;  3)  the  FAU  had  to  be 
capable  of  supplying  its  own  power,  with  gasoline-powered  engines  not  being  allowed;  4)  all 
fuel-wetted  components  were  to  be  explosion  proof;  5)  an  additive  injection  system  capable  of 
metering  three  separate  additives  into  the  clean  fuel  was  to  be  installed  (this  capability  allows  for 
the  conversion  of  Jet  A-1  to  JP-8);  and  6)  after  processing  the  fuel,  the  clean  fuel  shall  contain 
not  more  than  2.0  milligrams  per  liter  (mg/L)  of  solid  particulate  and  less  than  25  parts  per 
million  free  (ppm)  water.  All  design  requirements  are  listed  in  Appendix  A. 

These  requirenwnts  were  distributed  to  seven  companies  and  a  bid  package  requested.  Of  these 
companies,  three  returned  "no  bids"  and  four  transmitted  completed  bid  packages  to  BFLRF.  Of 
these  four  bid  packages,  the  low  bid  failed  to  meet  the  requirements  speciried  in  the  package,  and 
tlie  high  bid  was  too  expensive.  The  contract  to  fabricate  the  FAU  was  awarded  to  one  of  the 
mid  range  companies  due  to  its  creative  and  flexible  design. 


V.  FUEL  FILTRATION/ADDITIVE  UNIT  (FAU) 

The  FAU,  shown  in  Fig.  1,  consists  of  four  major  components;  1)  power  and  pump  system, 
2)  control  system,  3)  additive  injection  system,  and  4)  filtration  system.  Each  system  is  discussed 
in  detail  in  the  following  sections,  and  a  complete  parts  lists  is  shown  in  Appendix  B. 

A.  Power  and  Pump  System 

A  self-regulated  240- V,  3-phasc,  1800-rpm  generator  is  powered  by  a  10-kW  air-cooled  engine 
mounted  on  a  steel  base  with  an  integrated  fuel  tank.  In  event  of  on-board  failure,  the  unit  may 
be  switched  to  an  external  power  source.  A  control  panel  is  dedicated  to  the  engine  and  power 
system.  The  controls  include:  1)  main  circuit  breaker,  2)  AC  voltage,  current  and  frequency 
gauges,  3)  E)C  engine  gauges  with  safety  shutdown  in  case  of  low  oil  pressure  or  high 
temperature,  and  4)  emergency  stop  and  emergency  power  switch. 
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Figure  1.  Photograph  of  Filtration/Additive  Unit  (FAD) 

The  pump  system  uses  a  positive  displacement  pump  with  5.1-cm  (2-in.)  fittings.  The  pump  is 
capable  of  pumping  in  excess  of  230  liters  per  minute.  A  rotary-vane  positive  displacement 
pump  was  chosen  for  its  durability  and  ease  of  repair.  A  4()-mcsh  wire  screen  is  installed 
upstream  of  the  pump  to  protect  it  from  large  debris  being  withdrawn  from  the  fuel  cells.  The 
pump  is  coupled  to  an  hydraulic  driver  to  allow  the  operator  maximum  flexibility  in  controlling 
the  now  rates,  'fhis  flexibility  in  flow  rates  is  critical,  since  the  fuel  cell  openings  vary-  in  size, 
riic  hydraulic  unit  has  a  150-hter  tank  powered  by  a  3.73-kW  (5-hp)  electric  motor.  This 
configuration  controls  any  cavitation  that  may  tKCur  Irecau.sc  of  the  various  size  hos<.-s  requireii 
to  periomi  these  operations. 
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A  small  air  compressor  activates  the  pneumatic  valves  and  die  additive  injection  system,  and  a 
bypass  connection  has  been  included  to  use  air  from  an  auxiliary  source  if  the  compressor  fails. 
The  system  is  designed  with  5.1-cm  (l-in.)  plumbing  to  allow  the  unit  to  utilize  the  maximum 
flow  capacity  of  the  pump.  This  flexibility  will  add  to  the  unit’s  mission  capability  and  allow 
for  much  smaller  inlet  and  odt  hoses. 


Control  System 


All  controls  are  mounted  on  a  control  panel  conveniently  accessible  to  the  operator.  From  two 
side-by-side  panels,  the  operator  can  control  the  1)  flow  rate,  2)  various  flow  loop  configurations, 
and  3>)  the  additive  injection  system.  The  operator  can  also  monitor  1)  the  differential  pressure 
across  each  filter  housing,  2)  fuel  pressure,  3)  warning  lights  for  low  fluid  and  high  temperature 
in  the  hydraulic  system,  high  water  in  the  fuelMater  filter  separator  housing,  and  low  level  in  the 
storage  tank,  and  4)  air  pressure. 


The  additive  injection  system  is  designed  to  inject  up  to  throe  separate  additives  into  the  fuel  with 
or  without  prior  filtration  of  the  contaminated  fuel.  An  injector.  Fig.  2,  installed  on  each  additive 
tank  is  calibrated  for  various  injection  rates  ranging  from  0  to  3,500;  0  to  5,000;  and  1  to  10,000 
parts  per  million  (ppm). 


The  injector  uses  the  on-board  air  supply  to  shift  a  piston  inside  a  cylinder,  forcing  additive  into 
the  fuel  stream.  The  injector  is  paced  using  an  in-line  flowmeter  with  a  multiple  head  transmitter 
mounted  to  the  nreter.  Two  pulsos  are  attached  to  the  transmitter.  The  first  pulser  is  pneumatic 
and  is  used  to  pace  the  injection  system.  The  second  pulser  is  digital  and  provides  the  electronic 
output  to  record  the  flow  rate  through  the  meter  and  the  fuel  being  additized.  The  additive 
sel«:tor  system  is  also  designed  to  permit  each  injector  to  he  used  independently,  according  to 
the  additive  requirements  of  the  fuel. 


SolenoidValve 


An  air-logic  system,  using  a  minimum  of  483  kPa  (70  psi)  air  pressure,  was  specifically  designed 
to  operate  the  control  valves  using  a  sequenced  step-through  procedure.  As  a  result,  the  five 
logic  buttons  must  be  activated  b  numerical  sequence.  This  numerical  sequence  requirement 
prevents  accidental  engagement  of  incorrect  valves  during  tlie  system  operation.  A  separate 
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single-button  system  permits  the  opeiator  to  quickly  addidze  the  fuel  by  bypassing  the  filtradon 
system  and  the  normal  numerical  sequence.  This  feature  is  useful  when  treating  fuel  containing 
microbiological  contamination  or  for  on-line  conversion  of  Jet  A-1  to  JP-8  fuel. 

D.  Flow-Loop  Configurations 

The  FAU  is  designed  for  flexibility.  The  flow  loop/additive  injection  control  panel  allows  the 
operator  to  select  from  five  possible  configurations,  depending  upon  the  desired  function.  The 
flow  loop  in  each  configuration  is  determined  by  controlling  six  air-actuated  valves.  The 
functions  addressed  by  the  FAU  include: 

•  Initial  Additive  Injection  —  This  configuration  permits  treatment  of  the  fuel  with 
Mn.-S-5  021  (biocide  and  fuel  stability  additives)  cr  other  approved  additives  before 
the  filtration  process  begins  or  for  converting  Jet  A  to  JP-8  fuel. 

•  Open  Flow  Loop  —  This  configuration,  which  is  the  first  loop  in  the  numerical 
sequence,  pumps  the  dirty  fuel  from  the  fuel  cell,  through  the  filtration  system,  and 
returns  clean  fuel  ioto  the  fuel  cell.  The  return  fuel  agitates  settled  debris  in  the  fuel 
cell,  thereby  pennitting  as  much  debris  and  water  as  possible  to  be  pumped  through 
the  filtration  system. 

•  Extraction  of  Fuel  into  the  Holding  Tank  —  The  second  loop  in  the  numerical 
sequence  permiLs  the  operator  to  pump  the  fuel  from  the  fuel  cell(s)  into  a  2300-liter 
storage  tank.  Thus,  all  fuel  is  removed  from  the  vehicle  in  preparation  for  the  next 
operation. 

•  Closed  Filtration  Loop  —  The  third  loop  in  the  numerical  sequence  allows  the 
operator  to  recirculate  the  fuel  in  the  storage  tank  through  the  filtration  system  until 
tire  desired  degree  of  cleanliness  is  obtained. 
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•  Additive  Iitjection  and  Replacement  of  tlie  Fuel  Into  the  Fuel  Cells  —  The  fourth 
and  final  loop  of  the  numerical  sequence  allows  tlie  injection  of  one  to  three  additives 
(MIL-S-S3021  or  other  approved  additives)  into  the  filtered  fuel  and  to  return  the 
addidve-treated  clean  fuel  to  the  fuel  cells. 

E.  Filtration  System 

The  filtration  system  is  the  heart  of  the  FAU  and  consists  of  three  sq>arate  housings  that  can  use 
either  conventional  or  threaded  base  elements.  Each  filter  housing  has  its  own  function, 
depending  upon  the  severity  of  the  fuel  contamination. 

Water  is  the  most  prevalent  contaminant  in  the  military  fuel  systems.  Thus,  the  first  housing 
contains  the  fuel-water  separator,  which  consists  of  two  water  coalescers  and  one  separator  filter. 
The  pickup  line  is  generally  placed  neai  or  on  the  bottom  of  the  fuel  cell  so  as  to  remove  as 
much  debris  and  water  as  possible  from  the  fuel  cell  and  to  agitate  any  loose  debris  to  allow  it 
to  be  filtered.  The  fuel-water  separator  is  the  first  in-line  filter  to  remove  most  of  this  free  water 
and  to  protect  downstream  filters  from  excessive  water. 

The  second  housing  may  contain  one  of  a  variety  of  fuel  filters,  depending  upon  the  filtraticn 
requirements.  If  additives  are  to  be  extracted  from  the  fuel,  an  activated  clay  filter  should  be 
used.  The  fuel-water  separator  will  protect  the  day  filter  from  being  quickly  depleted  by 
excessive  water.  If  large  quantities  of  water  are  encountered  or  additional  water  protection  is 
required,  a  polynicric-typc  water-absorbing  element  should  be  used  to  absorb  and  trap  the  free 
water.  Increasing  differential  pressure  will  indicate  when  the  filter  is  saturate  with  water.  If 
heavy  particulates  and  light  water  are  encountered,  a  pleated  paper  element  of  the  preferred 
micrometer  rating  should  be  used. 

The  third  and  final  housing  can  utilize  a  variety  of  particulate  filters.  This  filter  should  extract 
at  least  the  smallest  particle  that  is  potentially  damaging  to  the  hardware.  At  the  present  time, 
a  rated  O.ii-micromctcr  element  is  used.  However,  if  extra  protection  is  desired,  elements  as  low 
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as  0.1  microtneteT  may  be  installed.  This  filtration  configuration  provides  the  flexibility  to  handle 
most  fuel  centamination  problems  that  occur  in  the  field. 


VI.  OPERATIONAL  VERIFICATION  OF  THE  FAU 

The  FAU  operation  was  verified  at  the  manofacturer’s  facility  and  was  witnessed  by  BFLRF  and 
Belvoir  RDE  Cetiter  personnel  The  FAU  was  tested  using  approximately  1700  liters  of  locally 
purchased  diesel  fuel  The  FAU  was  first  tested  using  clean  fuel  to  determine  if  all  components 
operated  propeily.  The  test  fuel  was  then  contaminated  with  AC  Fine  Test  Dust,  a  siudge/water 
sluiry,  and  clean  water  and  recirculated  in  the  holding  tank  with  a  transfer  pump  to  ensure  that 
the  contaminants  were  thoroughly  mixed.  Sandies  of  the  test  fuel  were  taken  before  entering 
and  after  leaving  the  FAU  and  analyzed  for  particulate  and  water  concentrations. 

The  aifluent  (upstream)  samples  contained  39.0  milligran»  per  liter  (mg/L)  of  particulates  and 
2030  parts  per  million  (ppm)  of  water.  The  effluent  (downstream)  samples  contained  1.0  mg/L 
particulates  and  150  ppm  water.  Both  analyses  were  performed  according  to  ASTM 
proccdures.(2) 


Vli.  RELD  EVALUATION 

A.  24th  Infantry  Division  (Mechanized).  Ft.  Stewart.  GA 

The  FAU  had  an  immediate  mission  at  the  24th  Infantry  Division  (M)  at  Ft  Stewart  GA.  The 
24th  Infantry  Division  was  experiencing  numerous  proUems  due  to  dirty  fuel  plugging  fuel 
filters.  Ft  Stewart  supplied  BFLRF  with  three  fuel  samples,  a  plugged  filter,  and  a  small  amount 
of  material  that  had  been  removed  from  the  side  of  a  tank  on  an  HEMTT  refueler  to  be  aiudyzed. 
Two  of  the  samples  were  fiem  the  Ft  Stewart  main  storage  tarik,  Evans  tank  farm  (a  middle 
sarr^le  and  a  bottom  sample),  llie  third  san^le  was  obtained  from  the  rear  fuel  cells  on  an 
MlAl  battle  tank.  All  three  samples  contained  visible  particulate  aixi  the  bottom  sample  from 
the  bulk  supply  also  contained  some  undissoived  water.  Only  the  bottom  sample  from  the  bulk 
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supply  had  a  pardculate  contamimtion  level  (12.4  mg/L)  in  excess  of  the  igpedfication  limit 
10  mg/L.  The  resulhi  from  these  analyses  showed,  that  the  fuel  was  not  contaminated  with 
residual  fuel  or  used  lubricating  oil;  in  general  ,  these  samples  were  clean  and  stable. 

Infrared  (LR)  spectra  analysis  was  performed  on  the  aeteis  removed  from  the  plugged  fuel  filter 
and  IIEMTT  samples.  The  spectra  contained  no  indication  cf  microbioiogica!  ilebris,  but  were 
consistent  with  the  presence  of  fuel  degradation  products,  while  the  spectra  for  the  HEMTT 
sample  had  a  small  adsoiption  consistent  with  the  presence  of  microbiological  contamination. 

BFLRF  personnel  visited  Ft,  Stewert  to  investigate  these  reported  problems.  Examination  of  the 
fuel  in  the  MlAl  battle  tanks  in  the  field  revealed  few  problems.  These  were  me  vehicles  that 
had  experienced  the  initial  pioble2ns.  During  maneuvers,  these  vehicles  had  "worked"  their  way 
through  the  problems  by  consuming  the  contaminated  fuel  and  multiple  fuel  filter  changes. 
Examination  of  vehicles  pr^anng  for  maneuvers  revealed  the  problems  experienced  previously. 
The  first  sample  was  black  in  color  and  very  higlJy  contaminated  with  particulates.  The  second 
sample  contained  much  fiee  water  and  particulates,  but  no  indication  of  microbiological  activity. 
Tank  crews  indicated  that,  in  some  cases,  the  fuel  in  the  frent  fuel  cells  had  remained  untouched 
for  more  than  a  ytar.(^  Note:  Ft  Stewart  uses  a  biocide  at  its  fuel  farm  to  control 
microbiological  contamination.  The  FAU  was  air-shipped  to  Ft  Stewart  for  immediate 
decontamination  of  MlAl  battle  tanks.  Ml  13  personnel  carriers,  and  an  assortment  of  other 
vehicles. 

Military  periiormcl  from  the  24th  Infantiy  Division  (M)  were  trained  in  the  use  of  the  FAU  for 
approximately  1  week  and  supervised  during  operation  for  an  additional  week.  Fig.  3. 

As  shown  in  Fig.  4,  the  fuel  was  heavily  contaminated  with  both  water  and  particulate.  'Flie 
water  contamination  is  generally  created  by  the  fuels  cells  "breathing."  In  geographical  areas 
with  high  humidity,  the  air  contains  large  quantities  of  moisture,  which  condenses  when  ambient 
temperatures  decrease.  The  heavy,  black  particulate  debris  is  fuel  degradation  products. 
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a.  24th  ID  (M)  soldier  operating  FAU 
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b.  24th  ID  (M)  soldier  sampling  inlet  fuel  to  determine  cleanliness 
Figrjire  3. 


being  trained  in  the  use  of  the  FAU 


which  is  cokiimon  in  the  military  environmcnt(7)  Fuel  stability  is  net  infinite.  Therefore,  with 
time,  the  fuel  will  begin  to  break  down,  forming  particulates  and  gum  [toluene-acetone-niethanol 
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Figure  4.  Fuel  sample  from  MlAl  and  M113  fr<Mit  fiid  cells 


(TAM)  insolubles].  Some  of  the  black  debris  may  be  residual  microbiological  growth,  which  has 
been  killed  with  the  biocide  portion  of  MIL-S-5.3021  that  Ft  Stewart  uses.  Also,  Fig.  4 
illustrates  that  the  FAU  is  capable  of  removing  these  contaminates  and  returning  "clean  and 
bright"  fuel  to  the  fuel  cell.  Additional  contaminates  were  removed  from  the  40-mesh  wire 
screen  that  protects  the  pump  (Fig.  5).  The  main  component  that  plugged  this  screen  was  a  tany 
asphalt-hke  material.  This  tarry  material  contained  other  contaminates  such  as:  1)  fiberglass 
shavings,  2)  check  valves,  3)  paper,  and  4)  elastomer  materials  (Fig.  6).  Fig.  7  illustrates  the 
large  quantity  of  toluene/acetone/methanol  (TAM)-insoluble  material  present  This  material  is 
an  indication  of  inorganic  or  high  molecular  weight  resinous  materials  that  help  plug  the  fuel 
filters.  Fig.  7  also  illustrates  the  presence  of  metallic  flakes  in  this  con^site.  In  general,  a  fuel 
filter  will  not  encounter  all  these  materials,  but  obviously,  many  woe  encountered  during  these 
operations. 

An  interesting  observation  concerning  the  MlAl  filtration  system  was  that  the  primary  filter  was 
the  only  filter  plugged  when  the  maintenance  personnel  needed  to  change  filters.  The  final 
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Figure  6.  Photograph  containin£  check  v 


rubber/elastomeric  materials 


Toluene/Acetone/Methanol  (TAM)  Insolubles 


Metallic  Plating 


Figure  7. 


metallic  plating 


(secondary)  and  coalescer  filters  were  relatively  clean  (Fig.  8).  When  military  personnel  order 
rqrlacement  filters,  a  complete  set  of  four  filters  is  received  In  instances  such  as  these,  three 
of  the  filters  do  not  require  replacement  Replacing  the  three  still  usable  filters  each  time  the 
primary  filter  is  replaced  results  in  additional  costs  and  maintenance  time  and  increased  filter 
disposal  problems. 


During  this  exercise,  323  vehicles  were  inspected  to  deterrmne  fuel  quality.  Of  these  vehicles, 
243  had  the  fuel  processed  through  the  FAU.  Since  this  operation  frequently  encountered 
excessive  water,  the  polymeric-type  water-absorbing  filter  element  was  used  in  the  second 
housing.  An  after-action  memorandum  from  the  24th  ID  DISCOM  repotted  satisfaction  with  the 
FAU  and  a  continuing  need  for  its  deployment.  Appendix  C.(S} 
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Figure  8,  Set  of  fuel  filters  removed  from  an  MXAl  experiencmg  niugged  fuel  filters 

B.  U.S.  Marine  Corns.  Camp  Pendiaton  and  TwanWnino  Palms.  CA 

Use  of  the  FAU  was  requested  by  the  U,S.  Marine  Corps,  1st  Recoimaissaisce  Battalion,  Light 
Armored  Vehicles  (lAVs),  at  Camp  Pendleton,  CA.(9)  The  FAU  was  transported  via  truck  to 
Camp  Pendleton.  The  LAVs  were  experiencing  filter  plugging  problems  similar  to  those  found 
at  Ft  Stewart,  GA,  Fig.  4,  due  to  fuel  degradation  products  and  water  contamination.  However, 
it  was  found  that  due  to  the  use  of  FOA-15,  the  Fuel  Oil  Additive  portion  of  MlL-S-53021,  the 
fuel  degradation  products  were  smaller.  This  particulate  tended  to  plug  the  fuial,  0.S  micrometer, 
filter  on  the  FAU,  instead  of  the  middle,  5  micrometer,  Piter. 

A  gunnery  sergeant  was  trained  to  operate  the  FAU  and  successfully  cleaned  the  fuel  cells  on 
93  LAVs.  Once  this  operation  was  completed,  Twentynine  Palms  requested  that  the  FAU  be 
transported  there  to  clean  contaminated  fuel  from  MlAl  battle  tanks  that  was  drained  into  an 
underground  storage  tank.  Once  Twentynine  Palms  personnel  realked  the  potential  of  the  FAU, 
select  vehicles  were  also  processed. 


(GBB2A) 
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An  after-action  letter  (point  paper)  &om  Camp  Pendleton,  1st  Reconnaissance  Battalion  reported 
satisfaction  with  the  operation  and  capabilities  of  the  FAU,  Appendix  D.(IO) 


C.  FAU  Modmcatlons 

After  completion  of  the  field  evaluations,  several  modifications  were  determined  that  would  make 
the  FAU  more  user  Mendly  and  allow  for  longer  operabilify.  These  modifications  included: 

•  Replace  starter  switch  with  on-switch  and  starter  button, 

•  Redesign  the  hydraulic  system  to  allow  for  operation  at  lower  flow  rates.  This 
modification  also  included  installing  a  fluid/water  separator  on  the  hydraulic  system, 
heat  exchanger,  and  new  flow  control  on  the  control  panel. 


Vl!l.  CONCLUSIONS 

A  mobile  fuel  filtration  and  additive  system  was  needed  in  the  field  for  cleanup  and  additization 
operations  on  U.S.  Army  vehicles  and  equipment  The  FAU,  designed  and  fabricated  to  solve 
these  two  problems,  is  capable  of  cleaning  extremely  dirty  fuel  containing  large  quantities  of  free 
water.  This  capabilit>'  saves  the  Army  time  and  money  in  maintenance  and  in  the  cost  of 
replacement  filters.  The  FAU  has  already  demonstrated  its  benefits  in  the  field  and  ease  of  use 
to  the  Army  in  its  recent  cleanup  effort  at  Ft  Stewart,  GA,  and  with  U.S.  Marine  Corps  units  at 
Camp  Pendleton  and  Twentynine  Palms,  CA.  Upon  completion  of  the  Ft  Stewart  and  Camp 
Pendleton  operations.  Camp  JeJeunc,  NC,  Ft  Carson,  CO,  and  Ft  Knox,  KY,  expressed  interest 
in  using  the  FAU.  However,  at  the  time,  these  bases  were  unable  to  obtain  the  necessary  funding 
needed  to  transport  the  FAU,  provide  the  needed  training,  and  monitor  the  overall  operations. 

The  design  and  results  of  the  field  demonstrations  were  presented  to  the  1993  Society  of 
Automotive  Engineers  (SAE)  International  Congress  and  Exposition,  held  in  Detroit,  MI, 
01-05  March  1993.(11) 
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IX  RECOMMENDATIONS 


The  current  FAU  model  was  designed  to  prove  the  concept  that  a  trailer-mounted 
filtration/additive  system  was  feasible  and  valuable  to  military  logistic  and  maintenance 
communities.  This  design  now  needs  to  be  nulitaiized  to  be  functional  in  the  military 
environment  A  proposal  has  been  submitted  to  U.S.  Army  Belvoir  Research,  Development  and 
Engineering  Center  to  militarize  the  FAU  and  improve  the  operation  using  suggestions  generated 
by  the  soldiers  in  the  field. 

Currently,  U.S.  Army  Belvoir  Research,  Development  and  Engineering  Center  is  attempting  to 
expedite  the  production  of  the  FAU  by  actively  pursuing  an  Operational  Need  Statement  (ONS) 
with  the  assistance  of  Ft  Stewart,  Canq>  Pendleton,  and  endorsement  of  the  memorandum  from 
Ft  Stewart  for  "Support  for  Procurement  of  Fuel  Filtration/Additive  Unit  (FAU)"  directed  to  the 
Deputy  Chief  of  Staff  Operations  and  Plans,  United  States  Army,  Washington,  DC.(12) 
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APPENDIX  A 

Design  Requirements  of 
nitratlon/Additive  Unit  (FAU) 
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Genera!  Description  of  Proposed  Fuel 
Filtration/Additive  Unit  (FAU) 


Intended  Use:  The  Fuel  Filtration  Additive  Unit  (FAU)  is  intended  primarily  to  aid  in  the 
cleanup  of  fuel  in  ground  vehicle  fuel  cells.  The  FAU  will  provide  a  simple  and  rapid  meaas 
to  remove  particulate  and  water  contamination  from  fuel  in  Army  ground  vehicles  and  equipment 
The  FAU  has  three  additive  injection  pumps  for  addition  of  additives  to  the  clean  fuel.  These 
additive  injectors  can  be  used  to  convert  Jet  A-l  to  JP-8  hiel  through  the  addition  of  icing 
inhibitor,  corrosion  inhibitor,  and  static  dissipator  additives.  The  FAU  is  to  be  designed  to  clean 
and  additive-treat  diesel  in  fuel  volumes  between  100  and  12(X)  gallons.  The  designed  purrp  rate 
is  60  gallons  per  minute  (minimum)  using  diesel  fuel  at  its  nnaximum  viscosity  (4.1  cSt)  at  40°C. 
For  larger  fuel  volumes,  other  means  should  be  used  to  keep  operating  time  throughput  at  a 
convenient  level. 


FAU  Minimum  Requirements 


Trailer 


1.  The  FAU  will  be  trailer  mounted. 

2.  The  trailer  shall  not  be  more  tlian  seven  (7)  feet  wide  at  its  maximum  width. 

3.  The  tongue  of  the  trailer  will  consist  of  an  eyelet  trailer  hitch  for  use  with  military  vehicles. 

4.  The  trailer  shall  meet  the  Code  of  Federal  Reg.  lations  "Fcdcml  Motor  Vehicle  Safety 
Standards"  for  highway  use. 

5.  The  total  enpty  weight  of  the  trailer  and  all  components  shall  be  less  than  8000  pounds. 
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6.  llie  trailer  chassis  shall  be  provided  with  grounding  capability  using  a  grounding  cable  or 
rod.  Grounding  shall  be  provided  for  the  incoming  and  outgoing  fuel  connections,  bi 
addition,  all  major  components  shall  be  grounded  (bonded)  to  the  chassis. 

FUter/Coalescer 

1.  Unless  otherwise  specified,  the  filter/coalescer  shall  be  designed  to  meet  the  performance 
criteria  of  specification  MIL^F-8901.  The  procedure  will  be  modified  to  use  only  AC  Fine 
Test  Dust  and  water.  (Note:  No  red  iron  oxide  will  be  used  for  this  test)  The  test  fuel  used 
for  this  test  will  be  Caterpillar  1H2  test  fuel.* 

2.  The  fuel  filter  shall  be  capable  of  withstanding  a  flow  rate  of  60  gallons  per  minute  (GPM) 
using  a  fuel  with  a  viscosity  of  4.1  cSt  at  40°C. 

3.  The  effluent  fix)m  the  coalescer,  or  water  separator,  shall  contain  less  than  10  parts  per 
million  (ppm)  free  water. 

Housings/Storage  Tank/Piping 

1.  All  filter/coalescer/water  separator  housings  shall  be  constructed  of  any  material  tliat  meets 
ASME  Code,  Section  Vm  construction  standards  for  pressure  vessels  and  is  conq)atible  with 
hydrocarbon-type  fluids. 

2.  A  200-gallon  temporary  working  fuel  storage  tank  shall  be  provided  to  allow  collection  of 
clean  fuel  when  necessary. 

3.  The  fuel  flow  scheme  shall  allow  for  fuel  to  be  pumped  into  the  200-gallon  storage  tank  and 
recirculated  through  the  system  for  addition  of  fuel  additives. 

*Catetpillar  1H2  is  a  Reference  No.  2  diesel  fiiel,  and  its  q)eci£cation  lequiienients  are  set  forth  in  Section  5.2, 

Method*;  334  and  3SS  of  Federal  Test  Method  Standard  (FTMS)  79 1C,  aitd  described  in  Appendix  F  of  the  ASTM 

SIP  509 A,  Part  I  and  n. 
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4.  All  piping  shdl  be  2  inches  in  diameter. 


Additive  Injection  System 

1,  The  additive  injection  system  instiled  shall  be  capable  of  metering  three  s^arate  additives 
into  the  cleaned  fuel 

2.  The  pumps  sliall  be  capable  of  metering  the  additives  into  the  fuel  at  a  rate  of  1  to  1500 
inilligram.s  per  liter  +  2  vol%  of  setpoint  (Note:  Any  additive  that  is  specified  as  weight 
percent  wiU  be  converted  to  volume  percent) 

Power  Supplies 

1.  Diesel  engines  shall  be  used  to  drive  the  p?ui^s)  and/or  generator  for  producing  electrical 
power.  Note:  No  gasoline-powered  engines  or  puirps  will  be  allowed. 

2.  AU  pumps  or  solenoid  valves  and  odier  components  that  make  intimate  contact  with  the  fuel 
shall  be  explosion  proof. 

3.  The  FAU  shall  not  require  any  external  power  supply. 

4.  The  FAU  shall  have  die  capability  of  running  on  external  or  auxiliary  power  in  case  of 
failure  of  the  on-board  generator. 

Pumps 

1.  Pumps  may  be  centrifugal  or  positive  displacement 

2.  The  fuel  transfer  pump  shall  be  capable  of  punping  at  a  rate  of  60  GPM  with  a  10-foot  total 
head  using  a  test  fuel  with  a  viscosity  of  4.1  cSt  at  40**C. 
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Extra  Equipment  and  Parameters 

1.  The  FAU  shall  have  one  filtration  system  that  is  sufficiently  monitored  to  determine  when 
the  filters  are  plugging. 

2.  The  FAU  shall  have  a  control  panel  with  all  switches  and  readouts  (preferably  difptal)  of 
fiow  rates,  pressures,  etc. 

3.  Automatic  air  eliminators  shall  be  installed  on  all  housings. 

4.  If  positive  displacement  pun^s  are  used,  a  pressure  relief  system  is  required. 

5.  Sight  glasses  ^rali  be  installed  in  all  housings  placed  near  the  top  of  the  housing. 

6.  Differential  pressure  gauges  shall  be  installed  on  each  filter  or  filter/s^arator  housing. 

7.  Pressure  relief  valves  shall  be  installed  on  each  housing. 

8.  Sampling  valves  shall  be  installed  at  the  inlets  and  outlets  of  each  housing  and  before  and 
after  the  additive  injection  system. 

9.  A  removable  stainless  steel  wire  mesh  screen  shall  be  installed  at  the  pump  inlet  according 
to  manufacturer  specifications. 

10.  A  flow  totalizer  meter  shall  be  installed  in  the  fuel  flow  system  and  for  each  of  the  additive 
units  with,  preferably,  digital  readouts. 

11.  An  emergency,  master  cutoff  switch  shall  be  installed. 

12.  Elastomeric  materials  used  in  seals  and  hoses  shall  be  of  the  highest  quality  and  fully 
compatible  with  the  fluids  they  contact 
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13.  Manual/automatic  water  dndns  shall  be  mounted  on  all  filter  and/or  coalescer^ater 
separators. 

14.  If  diesel  driven,  the  engine  ftitl  storage  tank  sliall  be  sized  to  allow  a  nndnimam  of  4  hours 
continuous  operation  without  refueling,  but  shall  not  exceed  il8  gallons. 

15.  A  commercially  available  tool  box  with  the  approximate  dimensions,  24  inches  high  x 
36  inches  wide  x  12  inches  deep,  shall  be  mounted  to  the  trailer. 

16.  A  4  inch  diameter  x  6  foot  long  PVC  tube  shall  be  installed  on  the  trailer  for  housing  any 
hoses. 

17.  The  FAU  will  be  completed  within  180  days  of  awarding  the  contract 

18.  Materials  that  are  disallowed  are  copper  and  copper  bearing  alloys  when  in  continuous 
contact  with  the  fluids. 

19.  yyi  materials  shall  be  compatible  with  hydrocarbon  fluids  and  fuel  additives  (Kaython, 
FOA-15,  Anti-Static  Addidve,  and  Fuel  System  Icing  Inhibitor). 

20.  All  equipment  must  be  capable  of  widrstanding  double  the  maxinuun  expected  operating 
pre,ssures  without  failure. 

21.  The  FAU  shall  he  designed  to  operate  at  tenq[)eratnrer  from  0®C  (32°F)  to  50®C  (122®F)  and 
outdoors  without  sheiter. 

22.  Clean  fuel  nkoU  be  defined  as  fuel  containing  not  more  than  2.0  mg/L  of  solids  contamination 
and  less  than  25  ppm  free  water. 

23.  Tlic  contractor  wiU  furnish  engineering  drawings  to  BFLRF  (SwRI)  prior  to  fabrication. 


25 


24.  Testing  of  the  system  will  be  required  with  BFLRF  (SwRI)  personnel  present 


25.  The  FAU  shall  meet  all  necessary  safely  requirements  to  ensure  personnel  safety. 

26.  The  use  of  systems/components  already  in  the  Anny  inventory  or  commercially  available 
is  encouraged  to  minimize  special  designs  and  costs. 
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APPENDIX  B 
Parts  List 
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-FAU- 

FILTRATION 
ADDITIVE  INJECTION 

UNIT 


Developed  by; 

Fuel  Quality  Services,  Inc. 
Industrial  Diesel  Systems,  Inc. 
Gate  City  Equipment  Co.,  Inc. 
Filterdyne  Filtration  Systems 
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SEQUENCE 
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Operator  powers  up  F.A.U.  and  turns  control  switch  to  position  #1.  In 
this  step,  the  necessary  control  valves  are  actuated  to  allow  fuel  to 
be  pumped  from  the  vehicle,  through  particulate  filters  and  returned 
to  the  vehicle's  fuel  tank.  This  step  is  repeated  until  all  contaminants 
are  flushed  from  the  vehicle's  fuel  tank. 


Operator  turns  control  switch  to  position  #2.  In  this  step,  the 
necessary  control  valves  are  actuated  to  allow  the  fuel  to  be  pumped 
from  the  vehicle  and  into  a  storage  tank  aboard  the  F.A.U. 


Operator  turns  control  switch  to  position  #3.  In  this  step,  the 
necessary  control  valves  are  actuated  to  allow  the  fuel  to  be  pumped 
from  the  storage  tan!.,  through  particulate  niters  and  returned  to  the 
storage  tauA.  This  step  is  repeated  for  a  duration  required  to  remove 
all  contaminants  from  the  fuel. 


Operator  turns  control  switch  to  position  #4.  In  this  step  the 
necessary  control  valves  are  actuated  to  allow  the  filtered  fuel  to  be 
pumped  from  the  storage  tank  and  through  a  flow  meter.  After  the 
fuel  passes  through  the  meter,  the  required  additives  are  injected 
into  the  fuel  and  it  is  pumped  back  into  the  vehicle's  fuel  tank. 


*  NOTE:  Please  refer  to  the  schematic  diagram  when 
reviewing  the  operational  sequence. 
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GATE  CITY  EQUIPMENT  CO 

ATLANTA,  GA 


THE  OPERATOR  PUSHES  THE  EMERGENCY  ADDITIVE  BUTTON  AND  PRE¬ 
SELECTED  VALVES  OPEN  TO  ALLOW  THE  QUICK  ADDITIZATION  OF  THE 
FUEL  IN  THE  VEHICLE.  THIS  LOOP  BY-PASSES  THE  FILTERS  AND 
METERS  ONE  OR  ALL  THE  ADDITIVES  INTO  THE  FUEL 


EMERGENCY  ADDITIVE  LOOP 


©  1 992  Gate  Oty  Equipment  Co.,  Inc. 
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ENGINE 


DESCRIPTION 

MANUFACTURER 

S.N./PT.  No, 

Dle»ei  Air  Cooled 

Deut2 

8222822 

Modd  )F3LS0I1 

Manifold  Maffler 

12  Volt  Alternator 

Air  C!lenner  /  Dry  TVpe 

488-4102 

Fuel  Filter 

117  -  4896 

CM.'  rUter 

117  -  4417 
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KHD 

MAEN  AND  ENGINES 
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a. 


New  Engine. 

The  DEUTZ  FL1011  engine  family  offers 
future-oriented  user-friendly  and  flexible  "all- 
around"  driving  packages  covering  the  power 
range  between  10  and  53  kW. 

Future  oriented  -  as  they  are  engines  based 
on  technical  and  social  standards  which  will 
safely  carry  us  into  the  future. 

User-friendly  -  as  their  low  vibrations,  low 
noise  level,  easy  operation  and  excellent  cab 
heating  performance  are  the  criteria  which 
define  a  comfortable  working  environment. 

Flexible  -  as  their  great  number  of  optional 
components  makes  them  a  ready  match  for  any 
given  application  -  a  feature  inherent  to  all 
DEUTZ  engines. 

Various  different  power  take-off  locations 
render  the  engine  installation  low-cost  and 
simple. 


New  Technology. 

In  additiun  to  the  characteristic  KHD  DEUTZ 
quality  standards,  i.e.  high  reliability,  indiffer¬ 
ence  to  extreme  ambient  conditions,  modular 
construction  concept  engineered  for  minimum 
maintenance  and  service  effort,  etc.  this  engine 
offers  some  important  innovative  features,  such 
as  integrated  two-media  cooling  using  air  and 
oil,  a  new  DEUTZ  direct  injection  system  and  an 
individual  injection  pump  for  each  cylinder. 

New  Values 

The  new  FL  ten-elevens  are  bound  to  be 
winners  thanks  to  their  high  fuel  economy, 
reduced  pollutant  emissions  in  the  exhaust  and 
reduced  noise  level. 

They  are  outstanding  performers  in  their 
power  class,  also  in  respect  of  economy  and 
environmental  compatibility. 
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GENERATOR 
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GENERATOR 


DESCRIPTION  MANUFACTURER  S.N./PT.  No. 

Single  Lima 

Self  Regulated 
140  Volts 
60  Hz 

1800  RPM's 
3  Phase 


Note;  120  V  on  ilogle  phsMt, 
one  line  of  3  ptaasc  b  Ugb 
voltage 
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PRINCIPLE  OF  OPERATION 

The  MAC  generator  is  a  sell- regulated,  rotating  field 
synchronous  unit  with  the  rotor  having  a  salie.nt 
pole  construction  with  amorlisseur  windings.  The 
generator  stator  and  exciter  stator  are  combined  in 
a  common  housing.  The  generetor  field  exciter 
rotor  and  rotating  rectifier  assembly  are  mounted 
on  a  con  .  (non  shaft.  The  output  ol  the  exciter  rotor  is 
applied  to  the  generator  field  winding  through  a 
rotating,  full  wave  bridge,  silicon  rectifier  unit. 

The  exciter  pole  pieces  contain  residual  magnetism, 
setting  up  lines  of  force  across  the  air  gap  to  the 
exciter  armature.  When  the  exciter  armature  begins 
to  rotate  a  voitage  is  induced  and  current  flow  is 
Initiated  in  the  exciter  armature  AC  windings.  This 
voltage  is  fee  to  the  rotating  rectifier  assembly, 
.•ectif  led  and  fed  to  fhe  alternator  field  coils.  This  DC 
voltage  is  sufficient  to  magnetize  the  laminated 
alternator  Held  which  will  set  up  lines  ol  force  across 
the  air  gap  to  the  alternator  stator.  As  the  generator 
rotor  rotates  a  voltage  will  be  induced  and  current 
will  flow  in  the  alternator  stator  wirtdings  encj  to  the 
output  circuit. 

All  connections  between  the  exciter  ststor  windings 
and  fhe  generator  stator  windings  are  internally 
conr  acted  within  the  stator  housing.  Onlythe  output 
power  leads  of  the  generator  unit  are  brought  out  to 
the  generator  terminal  box. 
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CIRCUIT  OIAOHAM 

Figure  2  shows  the  internal  schematic  diagram  of 
fhe  generator,  exciter  and  rectifier  unit.  The  gen¬ 
erator  isa  three  phase  unit  and  the  exciter  stator  and 
exciter  rotor  also  have  three  phase  windings.  A 
portion  of  the  exciter  stator  windings  is  connected 
across  a  tap  on  the  generator  stater  winding.  This 
exciter  shunt  winding  provides  the  generator  field 
excitation  power  required  for  the  generatcr  rso  load 
voltage.  Another  portion  of  the  exciter  stator  wind¬ 
ings  is  connected  in  series  with  the  output  of  the 
generator  end  provides  a  compounding  excitation 
characteristic. 


The  rotor  is.  in  effect,  fhe  secondary  of  a  rotating 
current  transformer  induction  frequency  converter. 
The  exciter  rotor  output  voltage  is  applied  to  the 
generator  field  windings  by  a  three  phase  full  wave 
rotating  silicon  rectifier  unit.  The  .'esponse  lime  of 
the  excitation  system  is  very  fast  since  fhe  exciter 
stator  carries  an  alternating  current  corresponding 
to  the  losd  Current  which  appears  immediately  on 
the  exciter  primary.  An  increase  in  load  current  will 
cause  an  irnmediate  increase  in  the  exciter  secondary 
output  voltage  which  is  rectified  and  applied  to  the 
generator  field  windings.  The  Inherent  compounding 
charachterisfics  of  the  excitation  system  provide 
excellent  voltage  regulation  even  under  heavy  over¬ 
load  cohditlona 
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PERFORMANCE  DATA 

The  •xcitatlon  characteristics  of  fast  exciter  re¬ 
sponse  with  maximum  exciter  output  makes  this 
generator  Ideal  for  motor  starting  loads  that  require 
a  very  high  current  at  low  power  factor  during  the 
motor  starting  and  acceleration  periods.  At  the 
same  time  it  offers  the  rugged,  reliable,  maintenance- 
free  operation  inherent  in  the  brushless  type  genera¬ 
tor.  No  external  controls  are  needed  with  a  Lima 
MAC  generator. 

The  performance  of  a  10  kW  Lima  MAC  synchronous 
generator  Is  indicated  in  Figure  3. 
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SECTION  I 

INSTALLATION  AND  OPERATION 


UNPACKING- 

When  unpacking,  check  for  damage  in  shipping. 
Report  any  damage  at  once  to  delivering  carrier. 
Read  instruction  tags  shipped  with  generator. 

INSTALLATION: 

The  generator  must  be  properly  aligned  and  located 
in  e  well-ventilated  place  where  ihe  air  temperature 
will  not  exceed  40'’ C  or  1CI4*F.  and  should  be 
accessible  for  cleaning.  An  open  type  generator 
should  not  be  located  where  there  are  abraaive  or 
conductive  dusts,  corrosive  gases  or  fumes,  or 
where  excessive  moisture  msy  be  encountered.  A 
totally  fan-cooled  generator  should  bo  used  where 
these  conditions  exist.  Air  openings  ot  the  generator 
should  be  cleaned  frequently  to  remove  accumulated 
dust  and  dirt,  which  may  cause  overheating  and 
burn  out. 

WIRING  CONNECTIONS: 

Electrical  characteristics  are  shown  on  the  name¬ 
plate.  Refer  to  connection  diagrams  on  pages  to 
and  1 1  for  proper  electrical  connections. 

OPERATION: 

After  the  generator  has  been  properly  connected  to 
the  driving  unit  end  the  load  lines  connected  to  the 
generator's  leads  accoi’ding  <o  the  wiring  diagram, 
the  unit  is  ready  for  operation.  To  connect  the 
coupling  discs  of  a  single  bearing  generator  to  the 
driving  engine's  flywheel  it  may  be  necessary  to 
slide  the  rotor  forward  a  few  inches  out  of  the  stator, 
taking  care  not  to  slide  it  so  far  as  to  cause  the  rotor 
to  come  out  of  the  bearing  entirely  and  down  upon 
the  stator  windings,  causing  damage  to  the  windings. 


Ordinarily,  a  chain  hoist  is  needed  to  jockey  the 
generator  rotor  into  position. 

STANDBY  UNITS: 

Generators  used  as  an  auxiliary  power  source  in 
case  of  commercial  power  failure  must  be  isolated 
from  the  commercial  line  before  being  placed  in 
operation. 

CAUTION:  MAKE  SURE  UNIT  IS  COMPLETELY 
SHUT  DOWN  AND  FREE  OF  ANY  POWER  SOURCE 
BEFORE  ATTEMPTING  ANY  REPAIR  OR  MAIN¬ 
TENANCE  ON  THE  UNIT. 

PARALLEL  OPERATION; 

For  parallel  operation,  both  units  must  be  of  the 
same  voltage,  frequency,  and  phase.  Phase  voltages 
of  paralleled  units  must  be  synchronized.  This 
generator  set  utilizes  the  "dark  lamp"  method  of 
paralleling. 

ROTATION: 

The  generator  can  be  operated  In  either  direction  of 
rotation. 

OVERLOAD: 

The  load  on  the  generator  should  be  checked  with 
an  AC  ammeter  to  see  that  the  ampere  rating 
stamped  on  the  nameplate  is  not  exceeded.  Pro¬ 
longed  overload  on  the  generator  may  cause  it  to 
overheat  and  possibly  burn  out. 

LUBRICATION; 

Ball  bearings  on  '.ima  generators  are  pre-lubricateci 
and  require  no  further  lubrication  for  the  life  of  the 
bearing 
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SECTION  11 

SERVICE  AND  MAINTENANCE 


PREVENTATIVE  MAINTENANCE  AND 
OPERATING  PERCAUTIONS: 

Costly  repairs  and  down  time  can  usually  be  pre¬ 
vented  by  operating  electrical  equipment  under 
conditions  which  are  compatible  with  those  at 
which  the  equipment  was  designed  to  operate. 
Follow  the  instructions  as  outlined  to  insure  maxi¬ 
mum  efficient  utilization  of  the  electrical  equipment. 

COOLING: 

Keep  all  cooling  parts  clean  and  make  certain 
sulficient  room  is  left  on  all  sides  for  a  plentiful 
supply  of  fresh  coolant  air  flow.  OO  NOT  E.XCEEO 
Alfl  TEMPERATURE  RISE  AS  SHOWN  FOR  SO*C 
ABOVE  A  40* C  AMBIENT.  This  insures  that  the 
insulation  NEM  A  Class  "F"  will  not  be  damaged.  DO 
NOT  EXCEED  RATED  LOAD,  except  as  specified 
for  the  equipment.  OPERATE  AT  RATED  SPEED. 
Failure  to  operate  generators  at  rated  load  or  speed 
will  cause  overheating  and  possibly  damage  to 
windings  due  to  over  voltage  or  current. 

BEARING  REPLACEMENT': 

Factor  lubricated  shielded  bearings  will  normally 
provide  several  years  of  trouble  free  service  when 
operated  under  normal  conditions.  Excessive  bear¬ 
ing  load  and  adverse  environment  conditions  will 
greatly  shorten  bearing  life.  Should  bearing  failure 
occur,  bearings  can  be  replaced.  ALWAYS  REPLACE 
WITH  THE  SAME  TYPE  BEARING  AS  INSTALLED 
AT  THE  FACTORY.  CHECK  PARTS  LIST  FOR 
PART  NUMBER,  Include  generator  serial  number 
when  ordering  bearings. 

ROTATING  DIODE  BRIDGE: 

The  rotating  diode  bridge  can  be  removed  and 
replaced.  Excessive  overcurrsnt.  overvoltage,  over¬ 
speed.  or  reverse  currents  can  cause  damage  to  the 
assembly  or  any  of  the  component  parts. 

ROTOR  DAMAGE: 

The  damper  bars  of  the  generator  prevent  excessive 
hunting  when  AC  generators  ore  operated  In  parallel. 
Oampe'  bars,  because  they  must  have  a  low  electrical 
resistance  and  are  subjected  to  extreme  centrifugal 
forces,  must  be  mechanically  secure  and  permanent. 
Consequently,  they  are  welded  to  end  plates  com¬ 
pletely  covering  the  field 

All  rotors  ars  static  and  dynamically  balanced  to  a 
high  degree  on  precision  machines  to  assure  mini¬ 
mum  vibration.  They  wiil.  therefore,  remain  dynam¬ 
ically  stable  at  speed  well  beyond  the  synchronous 
speed  of  the  generator.  The  rotors  on  generators 


are.  however,  subjected  to  extreme  centrifugal  forces 
which  can  increase  beyond  safe  operating  limits  «t 
excessive  overspeed.  Therefore,  the  prime  mover 
should  be  adequately  governed  to  prevent  over- 
speed. 

Damage  to  the  rotor  can  also  occur  due  to  over¬ 
heating  which  can  be  caused  by  the  air  flow  being 
rastrictod  from  d  ust  or  other  foreign  objects  collect¬ 
ing  in  the  air  passage. 

If  a  rotor  becomes  detective,  it  should  be  returned  to 
the  factory  with  full  nameplate  data,  because  the 
rotor  coils  are  enclosed  in  welded  squirrel  cage 
windir'g.  Tr>  repair  a  rotor  the  special  tooling  and 
technique  ol  the  factory  is  necessary  and  essential. 
The  Lima  Electric  Company.  Incorporated,  facilities 
can  perform  a  comple*e  rebuild,  or  rewind  job  with 
greater  skill  and  craftsmanship  than  can  be  found  in 
the  average  motor  rewind  shop.  Should  a  (allure 
occur,  the  factory  should  be  notified  immedistely 
and  steps  will  be  taken  to  get  the  generator  back  into 
service  with  the  least  expense;  and  more  important, 
to  deter! me  the  cause  of  the  fsilura  snd  tske  steps  to 
prevent  a  recurrence. 

PRECAUTIONS: 

GENERATOR  WINDINGS  (DRYING): 

Generators  that  have  been  in  transit  or  storage  for 
long  periods  may  be  subjected  to  extreme  tem¬ 
perature  and  moisture  changes.  This  can  cause 
axcessive  condensation,  and  the  generator  windings 
should  be  thoroughly  dried  out  before  bringing  the 
generator  up  to  full  nameplate  voltage.  If  ihis  pre¬ 
caution  is  not  taken,  serious  damage  to  the  generator 
can  result.  The  following  steps  should  be  taken  to 
effectively  dry  the  generator  windings: 

A.  (1)  Place  generator  in  drying  oven  or  hot  room. 
(?)  Dry  with  warm  air  blower  directed  through 

windings. 

B.  (1)  If  the  generator  has  been  operated  and  then 

put  into  storage  tor  any  period  of  time,  a  P.D. 
George  #11127  type  air-dry  fungus  resistant 
varnish  should  be  reapplied. 

Experience  has  shown  that  it  is  necessary  to  take 
these  precautions  in  locations  such  as  seaboard 
installations  and  other  highly  humid  areas.  Some 
installations  will  be  in  atmospheres  that  are  much 
more  corrosive  than  others.  A  little  precaution  along 
the  lines  outlined  here  could  eliminate  an  un¬ 
necessary  repair  job. 
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Each  generator  was  subjected  to  a  standard  NEMA 
insulation  test,  which  means  1000  volts  plus  twice 
the  highest  voltage  (or  which  the  generator  is  rated 
was  impressed  between  the  winding  and  frame.  All 
machines  are  insulated  with  a  high  safety  factor  for 
the  class  of  insulation  used.  The  latest  and  newest  in 
insulation  and  baking  techniques  are  used. 

The  finest  insulation  job  can  be  very  quickly  broken 
down  carelessly  applying  high  voittge  to  windings 
in  a  moisture  saturated  condition  Mishandling  in 
this  respect  can  easily  cause  a  breakdown,  making  it 
necessary  to  return  the  generator  to  the  factory  for 
repair,  and  consequent  expense  and  loss  of  time. 

WARNING:  HIGH  VOLTAGE  (DIELECTRIC)  TEST- 
!NG  MUST  NOT  8E  PERFORMED  TO  THE 
MACHINE  WITHOUT  FIRST  OBSERVING  NEMA 
RULES.  THE  INSULATION  OF  THIS  GENERATOR 
WINDING  MAY  BE  SAFELY  CHECKED  BY  USING 
A  MEGGER.  A  HIGH  MEGGER  READING  INDI¬ 
CATES  LOW  INSULATION  LEAKAGE.. 

RESTORING  RESIDUAL  MAGNETISM: 

The  current  necessary  to  magnetize  the  alternator 
field  is  obtained  from  the  exciter.  Initially,  upon 
starting  the  generator,  current  flow  and  voltage  are 
induced  into  the  exciter  armature  oy  the  magnetic 
lines  of  force  set  up  by  the  residual  magnetism  of  the 
exciter  field  poles. 

Residual  magnetism  of  the  exciter  field  poles  may 
be  lost  or  weakened  by  a  strong  neutralizing  mag¬ 
netic  field  from  any  source,  or  if  the  generator  is  not 
operated  (or  a  long  period  of  time. 

Should  the  generator  fall  to  build  up  voltage  after 
being  disassembled  for  any  reason,  a  momentary 
short-circuit  of  any  two  generator  leads  should  be 


sufficient  to  correct  this  condition.  If  not.  an  alter¬ 
nate  method  may  b«  used.  Apply  either  an  alternating 
current  or  a  direct  current  voltage  of  approximately 
20  volts  to  any  to  generator  leads.  Do  not  make  a 
positive  connection  but  rather  touch  the  leads 
together  until  the  generator  voltage  begins  to  rise 
and  then  remove.  It  is  suggested  that  a  30  ampere 
fuse  be  inserted  in  the  circuit  to  prevent  any  damage 
in  case  the  build-up  voltage  is  not  removed  quickly 
enough. 

Start  generator  and  observe  generator  build-up. 
Reflash  field  it  generator  output  voltage  does  not 
build  up. 

TESTING  DIODES  WITH  AN  OHMMETER: 

Isolate  the  rectifier  assembly  by  disconnecting  the 
two  leads  from  the  main  rotor  and  three  leads  from 
the  exciter  rotor  Do  no  unsolder  diodes.  Test  each 
diode  by  applying  the  probes  of  an  ohmmeter  to  the 
anode  and  cathode. 

A  good  diode  will  produce  a  meter  reading  of  only  a 
few  ohms  when  the  probes  are  applied  in  one 
direction,  and  a  reading  of  near  infinity  when  the 
probes  are  reversed.  It  both  readings  are  high,  or 
both  are  low.  the  diode  is  defective  end  must  be 
replaced 

Diode  failure  after  a  25  hour  “run-in "  period  is 
generally  traceable  to  external  causes  such  as 
lightning  strike,  overheating  or  a  reverse  current  fed 
into  the  alternator.  To  save  excessive  service  time 
and  call-backs,  it  is  a  generally  accepted  practice  to 
replace  the  entire  rectifier  assembly  where  failure 
can  be  traced  to  external  causes  AFTER  THE 
CAUSE  OF  DIODE  FAILURE  IS  IDENTIFIED  AND 
CORRECTED 

RECTIFIER  REMOVAL  PROCEDURE: 

Rectifiers  may  be  removed  throught  the  bearing  cap 
on  the  rear  of  the  generator.  (See  Figure  6.  Item  B.) 
First,  remove  the  bearing  cap  by  removing  the  four 
bolts  shown  in  Figure  6  as  Item  A  You  can  now  see 
both  the  bearing  (Item  C)  and  rectifier  assembly 
(Item  D)  Use  a  bearing  pullei  to  remove  the  bearing 
from  the  mam  shaft  being  careful  to  locate  the  puller 
on  the  inner  race  ot  the  bearing  to  avoid  bearing 
damage.  Once  the  bearing  is  tree  it  is  then  necessary 
to  disconnect  leads  A,  B.  C  and  D  as  shown  in  Figure 
5  assembly  drawing  Then  remove  the  three  hold¬ 
down  cap  sc  rews  which  sec  ure  the  rectifier  assembly 
to  Its  adaptor.  Once  this  procedure  is  complete  the 
rectifier  assembly  is  free  lor  removal 

Follow  the  testing  procedures  outlined  in  testing 
diodes  and  Figure  5 
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After  the  rectifier  arsemhiy  has  been  repaireo  or 
replaced,  reverse  the  procedure  as  stated  above, 
being  careful  that  a'l  lead  connections  are  tight  and 
that  sat  screws  are  locked  with  a  Lock-The  com¬ 
pound. 


TROUBLESHOOTINQ  PROCEDURES 
AC  BRUSHLESS  GENERATOR 

.\s  with  any  machine,  trouble  may  develop  in  elec¬ 
trical  generators  It  rr.ay  be  due  to  long  service  or 
neglect  of  regular  rr.aintenanca.  servicing,  and  check¬ 
ing.  Should  trouble  develop,  the  following  instruc¬ 
tions  will  be  helpful  in  tracing  the  cause  and  making 
repairs 

SPEED  DEVIATIONS: 

The  generator  speed  should  bj  maintained  at  rated 
nameplate  speed.  The  frequency  and  voltage  of  the 
generator  output  depends  on  speed.  If  the  generator 
runs  slower  than  rated  speed,  the  voltage  will  drop 
off. 


NO  VOLTAGE: 


CAUSE 

Loss  of  residual  magnetism  in  exciter  field  poles 

Open  in  stator  windings. 

Open  or  short  in  rotating  rectifiers. 

Short  circuited 
Open  in  alternator  field 

Shorted  exciter  armature. 


CHECK  AND  REMEDT 


Flash  field,  see  page  6  "Restoring  Residual 
Magnetism  " 

Check  for  co.'itinuity  in  windings  Roturn  to  factory 
for  repair  if  open 

Check  rectifiers  per  previous  instructions,  replace  if 
faulty 

Clear  lead  to  resto'e  voltage  build-up. 

Check  for  continuity  and  return  rotor  to  factorv  for 
reoair  if  field  coils  are  open. 

Check  for  short  and  replace  if  faulty .  Use  a  "Kelvin" 
type  bridge  to  measure  this  resistance. 


Shorted  leads  between  exciter  armature  and 
generator  field. 


Test  snd  repoi: 

NOTE:  'Designate  rotating  parts  Generator  must  be  opeti  to  test. 


LOW  VOLTAGE. 


CAUSE 

Excessive  load 

Low  speed 
Line  loss 

High  resistance  connections  —  connection  will  be 
warm  or  hot 

Shorted  field 


CHECK  AND  REMEDY 

Reduce  load.  With  3  phase  generators,  the  load  on 
each  leg  should  be  as  evenly  balanced  as  possible 
and  should  not  exceed  the  rated  current  on  any  leg. 

Check  engine  for  malfunction  or  system  for  overload. 

Increase  size  of  line  lead  wire. 

Make  better  connection  electrically  and 
mechanically. 

Test  field  coils  for  possible  short  by  checking 
resistance  with  an  ohmmeler  or  resistance  bridge. 
Return  rotor  assembly  to  factory  for  repair  it  alter¬ 
nator  field  cods  are  shorted. 


Reduce  inductive  (motor)  load  Some  AC  motors 
draw  approximately  the  same  current  regardless  of 
load  Do  not  use  motors  of  larger  horsepower  rating 
than  IS  necessary  to  carry  the  mechanical  load. 


Low  pov  er  factor 
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(May  b*  indicated  by  flickerino  liahtt) 


CAUSE 

Irregular  spaed  of  engine. 

Fluctuating  speed. 

Loose  terminal  or  load  connections. 
Defective  bearing  causing  uneven  a‘r  gap. 


CHECK  AND  REMEDY 

Check  engine  (or  malfunction  or  load  for  fiuctuation. 

Stabilize  load .  The  addition  of  a  Icmp  load  (resistance 
load)  may  rompansate  partially  for  load  changes 
caused  by  mtermittent  motor  operation.  Do  not 
overload. 

Make  better  connecfion  mechanically  and 
electrically. 

Replace  worn  bearing. 


CAUSE 

Encessive  npeed. 


mgHVQvmfli; 


CHECK  AND  REMEDY 


Check  engine  for  malfunction. 


CAUSE 

Generator  overloaded. 

Clogging  ventiieting  screens. 
High  room  temperature 
Ineufficlant  circulation. 

Low  power  factor. 

Unbalanced  load. 

Dry  bearing. 


StaSHHEATINO. 


CHECK  AND  REMEDY 


Reduce  load.  (Check  with  ammeter  and  compare 
with  nameplate  rating.) 

Clean  air  passages. 

Improve  ventilation. 

Provide  cross-veniilation. 


Reduce  inductive  loads  or  install  power  factor 
impi'ovemeni  capacitors. 

The  load  on  each  leg  should  bo  as  evenly  balanced 
as  possible  and  should  not  exceed  the  rated  current 
on  any  leg. 

Replace  bearirvg. 


CAUSE 


MECHANICAL  NOISE: 

CHECK  AND  REMEDY 


Defective  bearing 
Rotor  scrubbing  on  stator. 

Loose  laminations. 

Loose  or  misaligned  coupling. 


Replace  bearing. 

3sd  bearing,  replace.  Bent  shaft,  return  to  tectory. 
Loose  endbeii.  tighten:  loose  drive  discs,  tighten. 

Return  So  (actor  tor  repair. 

Tighten  or  align. 


CAUSE 


CHECK  a;40  REMEDY 


Static  charge. 

Grounded  armature  or  field  coil. 


Ground  generator  frame. 
Return  to  factory  for  repair. 
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ELECTI^ICAL  WIRING  PROCEDURES  >-■  WIRING  OI/^GRAMS 

Liin«  MAC  alternators  are  supplied  in  10-lead  or 
12-lead  conl.gurations.  From  the  nameplate  Infor¬ 
mation  ana  system  voltage  requirement;!,  select  the 
appropriate  wiring  diagram  from  the  Information 
that  follows. 


WtniMO  REFERENCE  CHART 


Conflauralion 

MAC  type 

SpecItU: 

Voltege  (60  HZ) 

Ref.  Diag. 

12-Lead  Unit.  4-Wlre  240  Veil  Delta  Connected 

240V 

A 

4) 

12-Lead  Unit,  Hiqfi  Voitaqe  Wye  Connected 

416V 

D 

/Z 

12-Lead  Unit.  Low  Voltsgj  Wye  Connected 

208V 

C 

0. 

r) 

10-Le3d  U':it.  High  Voltaqa  Wye  Connected 

460V 

D 

10-Lead  Unit.  Low  Voltage  Wye  Connected 

240V 

E 

w 

12-Lead  Unit,  Low  Voitaqe  Delta 

120  V 

F 

1C-Leaa  Unit  240  Volt  Zigraq 

240V 

Q 

CAUTION  _ _ 

Wiring  of  the  alternator  should  br  done  in 
accordance  with  good  electrical  practices. 
Fellow  government,  association  and  industry 
standards.  In  some  v/iring  arrangements, 
pro.ips  of  terminals  are  connecteo  together 
with  no  further  termination.  These  terminals 
must  be  oroperly  Insulated  to  avoid  a  haicard  lO 
personnel  and  potential  equipment  damage. 


OlAdAAM  A 

U-UMt  Unit.  240  Volt.  Oolla  ConrMctod.  S  Phmo 

Connaci  loonthvr  in»  loMoaving  iix  Ml;  o(  Wrminations: 
T1  •no  T12  to  lorm  LI  T2  and  IIP  to  form  L2 
T3  sna  T1 1  to  lorm  L3  T4  anO  T7  to  for.  i  LO 
T5  tno  TS  T6  tnO  T9 

OUTPUTS:  120V.  10  240V,  30 

Lt  to  LO 
L2  to  LO 


OlAQItAM  ■ 

12-Ltad  Unll.  HIsh  Votue*.  Wy*  ConnoctMl,  i  PIiam 

Connoct  together  the  lollowing  lour  *7tt  of  termlnenoht: 
T4  end  T7  T.S  eno  TO  TS  JnO  T9 
T10,  T1 1  end  T12  to  lorm  LO 


LI  to  L2 
L2  to  L3 
LI  to  L3 


T1  It  LI 
ft'lli) 


T2  w  i.r 


T3  It  L3 


CAUTION:  Properly  intuiate  ell 
unuteO  terminetiO'it 


OUTPUTS:  240V.  10  416V. 

LItOLO  LI  to 

L2  to  LO  L2  to 

L3  to  LO  Lt  to  L3 

CAUTION;  Pruperiy  Intuiate  all 
unused  terminations. 


9 


CCg 


Kfrtei  f6^tMW 

ouaiuM  c 

1  a4.«Md  Unit,  Wy*  i  Hmm 

Ooiintfct  to^ttntr  th«  following  four  Mt»  of  fBrm'nutioni; 
T1  dn  TV  for  form  L*  T?  end  Tl  to  ‘orm  l2 
T3  unci  fO  ts  form  L3 
T4.  T5.  Te.  T1U.  Tn  sod  T12  to  form  CO 

I  OUTTUTb:  120V,  10  a<iiV.»0 

LlloLO  C1{oL2 

J  k  L2  to  LC  Li  to  L3 

r  j  U‘OLO  Ll»OL3 

>  ^  CAinrOKt  Profhiriy  Intulftto  all 

T'ttX  _JC«-  un»j*#d  tormlftaticn 


OIAQMAM  D 

UrWt.  IMffh  VoMat«.  Wyt  Conmlodl  3  PMim 
Conr>cct  (OQOthor  tho  foltowfno  four  mu  of  ifiimitiatiofYs 


T4  and  T7 
T  .  i*L1 


T5  ivid  TB 
T2  i«  L2 


T6  and  T9 
T3«»  L3 


ounnrr&:  irrv,  10 

LI  tout)  LIIOL2 

L2  to  LO  L2  to  L3 

moLO  L1toL3 
CAMTIOf!;  Propartv  iriuiata 
unusad  farm. nationi. 


OIAOAAM  i 

IA-Lmo  h.«nr  Veltafla,  Wyu  Coot^Md, )  ftioaa 
Connact  t6gath;4(  Ifu  fctlowing  four  tats  of  tarminuttorta 
Tl  and  T7  to  fom  tl  T2  and  T«  !o  form  L2 
T3  and  T9  fn  fcrnj  :,3 
T4.  Tf .  T6  and  TiO  to  form  L(i 


OUT^Tt:  \MV,10  »;3V,  30 

LItoLO  LI  to  Li 
Lite  to  ‘JltoL3 
l.ltoLO  L1toL3 
CAimON:  Pro»>frfy  tnoulato  all 
uncaad  tcrninaticna 


DIAQRAO  f 

Un)L  Low  Votiaga.  T  Mta  Connaclad,  1  PAaaa 
Connact  togathar  tht  fcMowtng  thraa  aafa  of  larminationa: 

T2.  T6.  re.  Tt2  and  tniutate 
TI  TS.  71^  tofo.ml1 
T3.  T4,  T9,  TIO  to  form  L2 


OUTPU'iS.  t20V,  10 
LI  to  L3 

CAUTION;  Propahy  inaulata  a‘t 
unuaad  tarminationa 


n 

no 

Its  JL/ 

-i  T9 

OiAaVIAM  Q 

l2*Laad  Unit.  24A  VolL  Zfgaag.  i  Ptiaaa 
Connact  togatnar  the  folfctving  four  gatt  of  tarminationa: 

T2  T6.  T6.  T12  and  Inaulata 
r~“  Tl.  T7.  to  form  Li 
rr  Q  I  in  n  T3.  T9,  to  form  L2 

J  k  T4.  TIO.  T5,  Til  *0  form  to 

y  j  OUTPUT*:  130V,  10  240V.  10 

V.«l  JC.  LItoLO  L1!0L2 

\  lo  CA'fnON:  Proparly  inaulata  all 

unuaad  tarm.naiiona 
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Dni!>PROOF  OENbRATOR  PARTS  LCST 
280  FRAME 
TWO  BEARING 


Part  No.  Part  Nama 

■i  Screen,  (ntske 

2  Key.  Rectifier 

3  Bearipfl  (^7  j. 

4  Bearing,  Cap 

5  Rectifier  Asaembly  (o\ 

G  Exciter  Rotor 

7  Excitr>r  Stator  f'TV-- 

6  Generator  Rotor  vi/ 

9  Generate'  Stator 

10  Eyebolt 

11  Key.  Rotor  — ^ 

12  Screw,  Hex  HO.  / 

13  Nut,  Hex  /f 

14  Fan  y’-^  / 

13  Endplate,  Sheave  End  J 

16  Bearing  /“X  / 

17  Key.  Output  C^J/ 

18  Shaft 

19  Screen  ^2)  ( 

20  Generator  Framu 

21  O-Ring 


©  ®®  ©@  ©  @ 


DRIPPROOF  GENERATOR  PARTS  LIST 
239  FRAME 
SINGLE  BEARING 


:rt  No.  Part  Name 

1 

Screen. Intake 

2 

Key,  Rectifier 

3 

Bearing 

4 

Gearing,  Cap 

5 

Rectifier  Assembly 

6 

Exciter  Rotor 

7 

Exciter  Stator 

e 

Generator  Rotor 

9 

Generator  Stator 

10 

Eyabolt 

11 

Key.  Rotor 

12 

Screw,  Hex  Hd. 

13 

Nut,  Hex 

14 

Fan 

15 

Hub 

16 

Drive  Discs 

17 

Key,  Output 

18 

Shaft 

19 

Screen 

20 

Generator  Frame 

21 

O-Ring 

®©@-©)©©®©®  ® 
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LIMA 

TECHNICAL  BULLEHN 


Irrigation  Systom 
Altarnators 


Generator  Application  Considerations  For  Electric 
Center  Pivot  And  Lateral  Move  Irrigation  Systems 

INTRODUCTION 

Moot  oamar  pivot  and  lataral  mova  irrigation  ayatama  ara  Inataliad  in  applications  wtiara  3 
ptwaa  utility  powar  is  not  availabla  or  acorxmiieal.  In  thasa  appicaiiona,  alectiic  ganaratora  ara 
uaad  to  powar  tha  3  phaaa  aiaotric  molcr  ttiat  drivaa  ttia  whaals  at  aocti  Irrigation  towar. 

Tha  primary  ganarator  appNcatioi)  conaidarations  are: 

1.  Bactric  motor  atarUng  capacity  oi  the  ganarator 

2.  Electric  motor  operating  charactariatics 

3.  Ambient  lamparatures 

4.  Environmental  condMiona 

5.  Maintenance  faquiramanta 

6.  Qanarator  sizing 


TTiis  paper  will  address  each  of  thasa  conaidarations.  Tba  cbsarvationa  praaanted  hare  ara 
supported  by  the  successful  performance  of  tha  Lima  MAC  generators  on  over  30,000  irrigation 
syMsma  around  tha  world. 


1.  ELECTRIC  MOTOR  STARTING 
CAPABILITY 


Typical  irrigation  systems  have  from  7  to  20 
support  towers.  There  is  usually  a  3  phase,  480 
volt,  60  hertz  or  3  phase,  400  voft,  50  hertz  electric 
drive  motor  at  each  tower.  The  electrical  control 
systems  continuously  turn  these  motors  on  and  off 
as  required  to  keep  the  system  in  alignment.  Thus, 
the  ability  of  the  generator  to  accorrKXlate  the  high 
inrush  starting  current  of  the  motors  is  a  critical 
application  consideration.  The  generator  design 
characteristic  is  usually  expressed  in  motor 
HP/generator  KW  electric  motor  starting 
capabilities.  Thus,  a  generator  with  a  1  HP/t  KW 
characteristic  has  twice  the  motor  starting 
capability  as  another  design  with  a  .5  hlP.^IKW 
capability. 

Most  general  purpose  type  generators  which 
utilize  external  automatic  voltage  regulators  have 
motor  starting  capability  of  approximately  .5  HP/ 1 
KW. 

Special  purpose  generators  such  as  the 
patented  Lima  MAC  (Motor  Application 
Characteristic)  have  a  1  HP/ 1  KW  motor  starting 
capability,  and  are  better  suited  for  irrigation 
system  applications.  The  MAC  output  voltage  dips 
less  than  35%  when  a  1HP/  1KW  motor  load  is 
applied  across  the  line,  and  smoothly  recovers  to 
full  voltage  in  less  than  one  second. 


2.  ELECTRIC  MOTOR  OPERATING 
CHARACTERISTICS 


Most  irrigation  systems  use  electric  drive 
motors  rated  1  HP,  3  phase,  480  volts,  60  hertz, 
1800  RPM  or  400  volts,  50  hertz,  1 500  RPM.  The 
drive  motor  is  connected  to  a  gear  reduction  system 
to  obtain  the  proper  wheel  speed.  The  drive  motors 
are  designed  for  the  extremely  high  torque  starting 
requirements  of  the  system.  The  starting  amperage 


requirement  of  an  individual  motor  Is  commonly 
10-15  times  its  running  amperage.  Tlie  total 
Irrigation  system  operates  at  a  low  power  factor  of 
.5  to  .6  bemuse  of  the  inherently  low  P.F.  of  each 
motor  running  and  extremely  low  P.F.  of  individual 
motors  when  starting.  The  conservative  80  degree 
C  temperature  rise  rating  of  the  Lima  MAC 
generator  provides  extra  KVA  capacity  to  harKfle 
the  low  power  factor  Irrigation  system  loads. 


The  generator  is  also  rated  3  phase,  480 volts, 
60  hertz,  1800  RPM,  or  400  volts,  50  hertz,  1500 
RPM.  The  output  voltage  is  controlled  by  the 
generator  voltage  regulation  system,  but  the  output 
frequency  is  entirely  controlled  by  the  speed  of  the 
engine  driving  the  generator.  If  the  generator  speed 
varies  from  rated  RPM,  the  output  frequency  will  go 
above  or  below  rated  frequency.  Irrigation 
applications  many  times  use  the  pumping  engine  to 
pump  water  plus  drive  the  generator.  Thus,  engine 
speed  and  generator  frequency  control  Is  not  as 
precise  as  normal  generator  applications. 


The  electric  drive  motor  has  a  volts/hertz 
design  characteristic.  The  volts/hertz  design 
characteristic  allows  the  drive  motor  to  be  operated 
under  and  over  rated  frequency  as  long  as  the 
voltage  changes  in  direct  relation  to  the  change  in 
frequency.  To  avoid  drive  motor  overheating,  the 
generator  output  voltage  should  also  have  this 
volts/hertz  characteristic. 


Most  general  purpose  type  generators  with  an 
external  voltage  regulator  have  constant  output 
voltage  regardless  of  variations  in  engine  speeds. 
Some  voltage  regulators  have  "underfrequency 
protection"  and  will  reduce  the  voltage  at  speeds 
below  rated  frequency,  but  will  not  increase  the 
voltage  at  speeds  above  rated  frequency. 

The  Lima  MAC  Generator  has  an  inherent 
volts/hertz  characteristic  both  below  and  above 
rated  speed  and  this  design  feature  is  especially 
suited  for  irrigation  systems,  avoidi^ig  damage  to 
the  drive  motors. 


3.  AMBIENT  TEMPERATURES 


Most  modem  generators,  including  the 
Lima  MAC,  use  Class  F  insulatinn  materials  rated 
145  degree  C  total  temperature.  The  temperature 
rise  of  the  generator  is  determined  os  follows: 

145  degree  C  Total  Temperature 
~  40  degree  C  Ambient  Temperature 

105  degree  C  Maximum  Temperature  Rise 

This  means  that  in  a  40  degree  C  ambient,  the 
generator  cannot  exceed  1 05  degree  C  rise  during 
operation  without  experiencing  insulation  system 
deterioration.  Also,  if  ambient  temperatures  above 
40  degree  C  are  expected,  a  generator  writh  less 
than  105  degree  C  temperature  rise  must  be 
selected.  For  example,  if  SO  degree  C  amolents  are 
expected,  the  generator  temperature  rise  should  be 
limited  to  a  maximum  95  d^ree  C  temperature 
rise. 


Most  generators  designed  to  British  standards 
are  rated  1 00  degree  C  rise.  Most  continuous  duty 
generators  designed  to  NEM  A  standards  have  1 05 
degree  C  rise  ratings. 


Generator  designs  which  utilize  brushes  and 
slip  rirrgs  should  be  avoided.  Generators  which 
have  complicated  electronic  voltage  regulators, 
fragile  printed  circuit  boards,  contactors,  sliding 
resistors,  and  complicated  wiring  of  external 
current  transformers  are  prone  to  numerous 
maintenance  problems  and  poor  reliablNty. 

The  Lima  MAC  has  an  extremely  simple 
rotating  current  transformer  exciter,  is  btoshless, 
self-rsgulated,  and  does  not  utilize  an  external 
automatic  voltage  regulator.  The  weather  protected 
Type  I  construction,  double  sealed  bearings,  and 
moisture  resistant  electrical  insulation  system 
provides  long  life  on  irrigation  system  applications. 


5.  MAINTENANCE 
REQUIREMENTS 


As  in  any  sophisticated  system,  minimum 
maintenance  is  a  key  design  objective.  More  often, 
less  complicated  designs  result  in  minimum 
maintenance  because  of  their  simplicity,  fewer 
parts,  etc. 


The  Uma  MAC  Inigation  Generators  are  rated 
at  a  conservative  80  degree  C  rise  and  are  well 
suited  for  irrigation  system  applications  in  areas 
where  50  degree  C  ambients  are  experienced. 


4.  ENVIRONMENTAL  CONDITIONS 

Most  irrigation  system  generators  are  installed 
outdoors  in  unprotected  areas.  Thus,  they  are 
subject  to  blowing  sand  and  dirt,  water,  and 
agriculture  chemicals.  For  maximum  generator  life 
with  minimum  maintenance,  a  simple,  reliable, 
basic  design  is  desired. 


Following  is  a  comparison  of  the  Lima  MAC 
and  other  general  purpose  generator  designs  from 
a  maintenance  viewpoint: 


Lima  MAC 
Oansmor 

Typtca  Oananl 
Rurpnsr  Oansrstar 

l»w1nsi 

OvartM* 
Raiaiaiiaiilly  Lubad 
aianMa  Owiboanl 
LaeaMon 

PSKR.  Lubad  or 
CbMaabla 

CompNeawd  bibeani 

PsalQB 

Fun  Wav*  3  PtuM, 

AotattnQ  RacMar  Assy. 

Yet 

Some  only  half 

S«p  Hnoa,  Bnitha* 

None 

Moor  Yee 

Exttmal  Vott  Rvyulstor  None 

SwUchM.  Knobe.  Reeittoff 

Ym 

1^  Output  Control 

Non* 

Ym 

The  simplicity  of  the  Lima  MAC  design  has 
proven  to  be  the  minimum  maintenance  design  for 
inigation  systems 


6.  GENCERATOR  SIZING 

Bocauso  of  the  1  HP/1  KW  motor  atartlng 
capability  of  the  MAC,  si2lng  the  generator  to 
the  irrigatioii  system  is  simple. 

a.  STANDARD  IRRIGATION  SYSTEM; 

Number  of  irrigation  system  towers  £ 
KW  rating  of  Lima  MAC  Generator 

b.  IRRIGATION  SYSTEM  WITH  ELECTRIC 
BOOSTER  PUMP: 

Number  of  irrigation  system  towers 
+  HP  rating  of  booster  motor  5. 

KW  rating  or  Lima  MAC  generator. 


Numbsr 

Towers 

■ootKr 

4-4» 

MCNDr  ffW 

Lima  MAC 
Oonaratpr  Rating 

7 

0 

7WKW 

7 

•f 

3  HP 

10  KW 

10 

0 

10  KW 

10 

•f 

3  HP 

15  KW 

12 

* 

0 

12  KW 

1o 

+ 

5  HP 

20  KW 

Patented  Recovery  Circuit 

This  oscillograph  shows  the  recovery  capability  of  the  MAC’S 
patentee  voHage  control  dreoitry.  With  a  1  KP  per  KW  motor 
load  applied  across  the  line,  vottage  dip  Is  under  35%,  followed 
by  a  smooth  recovery  to  full  vottagn  in  loss  than  one  second. 

I-I"**  Energi  Products 


rtw  Utm  Electitc  Co.,  Inc. 
P  O.  Box  91S 
Una.  Ohio  4S602 
(419)  227-7327 
TELEX  242433 


Making  Energy  Work  For  You 


If  a  larger  than  required  (oversized)  Lima  MAC 
Generator  is  used  to  power  the  irrigation  system,  the 
power  demanded  by  the  irrigation  system  does  no't 
change.  The  Lima  MAC  Generator  only  supplies  the 
power  demanded  by  the  electiical  load. 

“Oversized"  Lima  MAC  Generators  operate 
cooler  ttian  normal,  increasing  overali  life 
expectancy.  Also,  an  oversized  alternator  may  allow 
for  the  addition  of  an  electric  booster  pump  at  a  later 
date,  incorporating  the  original  generator. 

The  decision  of  using  "oversized"  Lima  MAC 
Generators  is  typically  madn  based  on  an  evaluation 
of  first  cost,  interchangeability'  of  generators 
between  irrigation  systems,  inventory  costs,  and 
future  electrical  requirements  (increasing  system 
length/addiLun  of  booster  pump). 

In  summary,  the  Lima  MAC  Generator  is  the 
SIMPLIST,  most  RELIABLE,  and  most 
ECONOMICAL  generator  available  for  pivot  and 
lateral  move  irrigation  system. 

SPECIF/  UMA  MAC...YOUR  PRODUCnVTTY 
DEPENDS  ON  ITtl 


CopyrtghI  IMS.  Th*  Um«  E>«cific  Co. 
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PANEL 
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8502/36-278 


S  I  I  V  I  Cl 
iULllTIN 


8502/36-278 


S  I  t  V  I  C  E 
•  Ul I E  T IN 


ClatMS  8502  and  8536  8izas  1  and  IP  —  AC  Macnadc  Contactors  and  Starters 
Type  SC,  Series  A  or  Series  B 


OANQCR:  Hasard  of  alsctricii  shock  or  bum. 
Bs  ours  to  him  off  power  supplying  PMsogui^ 
Riont  boiofs  workkio  on  it 


CAUnOM:  WMto  portion  of  < 
niMst  bo  flush  wMh  dsvico  co 
dor  to  Insuro  conUcts  oro  In 
whondovieo  is  bi  ■ 


iloet  corrtor  (d) 
r  (Horn  •)<  in  or> 
8  opon  poMhan, 


— W  CMANOB  —  Ssrios  B  only  sppkos  to  the  Typo  S 
Stsrtsr  Form  B  (3  smbiont  compensotod  ovsrtoodt).  AU  parts 
oi  Form  B  Sorios  A  ar>d  B  startors  ars  kitsrchartgMbJs;  only 
tha  ovorloar)  relay  block  Utffom.  If  tho  ovortoad  ruSf  block  of  a 
Form  B  Sartos  A  starter  is  rspioood  with  tha  Sohos  B  block,  ths 
ovortoad  rsisy  thsrmal  units  muttpe  selected  from  ths  Sohos 
6  thermal  unh  esioction  tsbies  tor  proper  motor  protoctiion. 

•  ACCItSOmiS  ^  AuKiltsry  contacts,  power  polo  kits  and 
other  field  sddabie  kits  are  svaiisbia.  Refer  to  the  Squere  0 
Oigost  Class  9999  section  for  selection  and  application 
ktformabon. 

•  OVIBLOAD  BSLAVS  —  Malting  alloy  ovarioid  relay 
bfocfca  ATS  supplied  as  standard  wtth  provisions  for  1.  2  or  3 
thermal  units.  The  2  thermal  unit  melting  alloy  ovwload  block 
can  be  converted  to  a  3  tharmai  urtit  block  by  removing  the 
center  strap  and  installing  a  thermal  unit  in  its  place.  The  con¬ 
tact  unit  (Item  6|  of  the  mrftrng  alloy  overload  block  can  be 
supplied  with  a  N.O.  or  N.C.  Isolated  alarm  ebeutt  contact  m 
addition  to  tha  atarxlard  N  C  contact.  The  alarm  drcuil  contact 
umt  can  be  •nstaUed  in  the  held.  See  Parts  List. 

B<metaHic  overload  reiaya  art  avsH^la  as  an  optional  ftahirt. 
Starters  with  Form  B1  (provisions  for  2  thermal  units)  and 
Form  62  (provtsiona  for  3  thermal  units)  use  a  non-oompanaat- 
ud  overload  relay  block.  Form  6  starters  (provisions  tor  3 
*harmai  units)  are  auppbed  with  an  ambient  temperature  oom- 
penaatad  overload  relay  block. 

A  SPOT  contact  is  auppliad  as  standard  on  all  Type  S  bimeai' 
he  overload  relays-  The  N  O.  comact  can  be  used  m  sn  slsrm 
drcutt  vxl  rrHJSt  be  wired  on  the  same  potarrty  es  the  N.C. 
contact.  Contacts  are  rKM  replaceable  In  order  to  directly  r»- 
plm  a  brmetaihe  ovehoed  relay,  the  appropriate  pan  number 
bated  on  the  Parts  List  sfiould  be  used 
TVMiNIALS  —  Power  and  (;onvol  itrmKials  on  standard 
devices  ere  suitabte  for  use  with  oopper  wise  enly. 
OOMTACTS  —  Are  rwt  harmed  by  discoloration  and  alight 
pitting  DO  NOT  FILE  THEM  at  dressing  wastas  contact  mate¬ 
rial.  Replacemem  n  noceasary  only  when  ms  contact  has  worn 
thin. 

CCHfTACT  INflMCTVON  —  It  is  urmecessary  to  remove  any 
wtnng  to  inspect  contacts  Merely  loosen  the  two  captive 
screws  (Hefii  C)  which  hold  the  contact  actuator  to  me  ooncact 
block.  Utt  the  contact  actuator  to  expose  contacts 


•  MtCHAMteALLV  INTBIItMKBP  UHITB  —  Refer  to 

Service  Bulletin  9099-2B8  tor  mechanical  interlock. 

•  BBBLACKMBNT  irONYACTS  Replacement  power 

contacts  and  springs  tor  starters  or  contactors  are  available  as 
kits.  Order  from  Parts  List. 

.•  Repiacamam  contacts  and  springs  for  tha  r"^rf  r  pisiM  hftr 
ofity  art  contained  in  a  Claas  9m  Type  $L'22  Kit.  One  kit  is 
re<iuirad  tor  each  N.O.  or  N.C.  contact. 

MANUAL  ONBRATION  Manual  oparation  of  contactors 
and  stitftaia  may  ba  accomplished  tTy  pushing  the  contact 
carrier  dawn  wtth  a  screwdriver  A  slot  rs  provided  in  Ute  con¬ 
tactor  cover  for  this  use.  BANQBR  — •  Do  not  manuaiiy  oper¬ 
ate  urHaas  atarter  is  isolatad  from  the  bne. 

CCNL  RKBLACBMKIfT  To  replace  the  coil  loosen  the  two 
captive  cover  screws  (item  A)  and  remewe  the  cover.  Discon¬ 
nect  wires  from  cod  terminaiB.  Remove  the  coil  and  magnet 
aiaembiy.  Separate  the  coil  from  me  magnet  assembly. 
Reaaaembty  ts  a  reversal  of  the  ebove  Manually  operate  (See 
Manual  Operation,  above)  the  device  when  reassembled  to 
Insure  all  parts  are  functioning  properly.  Follow  recommended 
tightening  torques  whan  reessembiiiig  davice 

•  ABBBMBLT  INBYIVUCTIONB  —  Fsetory  recommended 
torques  for  mechanical,  electncai  and  pressure  wire  connec¬ 
tions  are  bated  in  me  Recommended  Tightenjrtg  Torque  Table 
and  Instruction  Sheet.  These  must  be  foftowed  to  insure  prop¬ 
er  functioning  of  the  device 

BNONT  CIRCUIY  PfiOTBCTMiN  —  Dranctvetreuit  overcur- 
rtnt  protection  must  be  provided  for  each  contactor  or  Btartei . 
For  starters,  reler  to  mstructions  furnished  wtm  the  thermal 
unit  selection  table.  For  contactors  (Class  8502  or  8702).  pro- 
vide  branch-circuit  overcurrent  protection  m  aooofdanoe  wim 
the  Nebonai  Electrical  Cooei.  except  oo  not  exceed  the  mexi- 
mum  protective  device  ratings  bated  below. 
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SERVICE 
■UllETIN 

DfSTAMT  CONTROl.  Of  CONTACTOIIfc  (h  STAimMS  locti  SquRia  O  IMd  olfic*  and  uk  lor  Product  Oda  BulMln 
~  To  aaaure  proper  contactor  operation,  aanea  dipadanoe  M379. 

and  ahum  capacitance  of  the  control  circuit  must  be  oonsid-  - -i  - 

ersd.  Depending  upon  the  voltage,  wire  size,  and  the  number  coiwMtt  _ Mm»c<TO<  i)»er«i[»uw _ 

ol  control  wires  used,  the  limiting  factor  lor  figuring  the  maxi-  rnccw***  ruowenet 

mum  distance  ol  the  wire  nai  may  be  aeriee  Impadanee  nr  bt  so  nos 

shunt  capacitance.  If  distanoes  to  start  or  stop  alallons  are  Sn  * 

longer  than  those  listed,  the  wire  run  oonliguratlon  and  matari-  ■■  — —  ■ — ■  '  ■ 

als  must  be  analyzed.  For  furjier  mformation  contact  your 

MDCRINO  INSTNUCTIOliA  —  Specify  quantify,  part  number  and  description  of  part  giving  complete  nameplata  data  of  the 
device.  For  example,  one  Armature  and  Maf^  Kit  31041-605-50  for  Class  8536  Type  SCO-3.  Ser^  A  starter  . 
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PNEUMATIC 

ACTUATORS 
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Design  and  Construction 


Mschanicai  Components 

The  Bettis  RP6-Series  pneu¬ 
matic  rack  &  pinion  actuators  are 
specifically  designed  for  “quarter- 
turn"  rotating  mechanisms  and 
are  ideally  suited  for  operation  of 
plug,  butterfly,  or  ball  valves. 
These  quality  constructed  and 
uncomplicated  actuators  provide 
a  dependable,  reliable  and  eco¬ 
nomic  method  of  opening  and 
closing  a  valve. 


Double-acting  models,  requiring 
pressure  to  rotate  In  both  direc¬ 
tions,  are  available  with  output 
torques  to  16.500  lb-in.  Spring- 
return  models,  requiring  pressure 
to  rotate  in  one  direction,  are 
available  with  spring  ending 
output  torques  up  to  5150  tb-in. 
Standard  operating  pressures  are 
40  to  120  PSIG  .  Operating  media 
for  both  double-acting  and 


spring-return  models  may  be  dry 
or  lubricated  non-corrosive  gas. 
Standard  operating  temperatures 
are  from  -40*  to  -fZOO* 
Fahrenheit.  Optional,  high  temper¬ 
ature  trim  is  available  for  0*  to 
-i-  350’  Fahrenheit.  All  models  are 
factory  lubricated  for  the  opti¬ 
mum  cycle  life  of  the  actuator.  Ail 
actuators  are  constructed  for 
Indoor  or  outdoor  instailation. 


Models:  RPB5000-RPB11000 


Featunw 

1.  Bcnom  loaded,  one  piece 
bkwout  proof  output  shaft,  Is 
retained  by  a  safety  redundant 
intornal  retainirtg  ring. 

2.  Setf<ont3ined  space  saving 
spring  modules  allow  safe  and 
simple  oonvarsion  from  double¬ 
acting  to  spring-return  or  to  a  dif¬ 
ferent  spring  configuration. 

3.  Integnri  position  stops  allow 
up  to  ±8  degrees  field  adjustment 
at  the  90  degree  position. 

4.  The  highly  visible  position 
indicator  may  be  indexed  90 
degrees  as  appropriate  for 
optional  mounting  configurations 

An  exposed  square  male  drive 
suitable  for  manual  override  or 


accessory  drive  purposes  may  be 
removed  along  with  the  position 
indicator  to  expose  the  low  profile 
slot-type  accessory  drive. 

5.  All  fasteners  are  stainless 
steel. 

6.  Square  female  drive  allows 
direct  rrtount  capability  lor  a  “low 
profile''  valve  actuator  astwmbly. 

7.  Advanced  UV  resistant  tluor- 
opolymer  impregnation  of  internal 
and  external  housing  surfaces  plus 
fluoropolymer  coating  on  output 
drive  shaft  and  end  caps  provides 
excellent  hostile  environmera 
protection. 


MatarMa  of  Construction 

A.  Body:  Precitlon-eKtruded 
aluminum  alloy,  hard  anodizod  and 
fluoropolymer  impfegnaied. 

B.  Pistons:  Cast  aluminum 
alloy,  dichromate  dipped. 

.  C  Output  Shafl/nnion:  Carbon 
stael,  fluoropolymor  coatad. 

D.  End  Capa:  Cast  aluminum 
aNoy,  fluoropolymar  coated. 

E.  Rsaienera:  Alt  stainiaes  steal. 

F.  Seals;  Nitrile  standard. 

Vlton,  optioftal. 

Q.  Spritt^:  Carbon  stael, 
phosphMs  coated,  oil  dipped. 

H.  HmI  Bewing:  PEEK  AHoy 

J.  Platon  Bearing;  FluoropUnlic. 
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Operation 


DouMs-Ktlng  Spring  Rctum 

(TOP  VIEW)  (TOP  VIEW) 


For  counterclockwlM  output  rotation,  apply  praa- 
sure  to  Port  1,  which  will  force  the  pistona  apart. 
The  linear  travel  of  the  pistons  la  converted  to  a 
rotation  of  the  drive  shaft  by  the  rack  to  pinion 
connection.  The  volume  outside  each  piston  Is 
exhausted  at  Port  2. 


For  clockwise  output  rotation,  apply  pressure  to 
Port  2,  which  will  force  the  pistons  to  move 
together.  The  volume  between  the  plstonc  is 
exhausted  at  Port  1. 

R««mm  Rotation 

When  reouired,  the  pistons  can  be  inverted  In  the 
housing  resulting  in  a  clockwise  rotation  when 
pressure  is  cpplled  to  Port  1. 


Travel  Stop  Adjustment 


For  counterclockwise  output  rotation,  apply 
pressure  to  Port  1,  which  will  force  the  pistons 
apart  and  compress  the  springs.  The  linear  travel  of 
the  pistons  is  conve.-tad  to  a  rotation  of  the  drive 
shaft  by  the  rack  to  pinion  (connection.  The  volume 
outside  each  piston  Is  exhausted  at  Port  2. 


■'or  clockwise  output  notation,  the  volume  between 
the  pistons  is  exhausted  at  Port  1,  causing  tits 
springs  to  force  the  pistons  together.  The  volume 
outside  the  pistons  Is  vented  at  Port  2. 

Ftaverae  Rotation 

When  required,  the  piatone  can  be  inverted  In  the 
houaing  resulting  itt  c  clockwise  rotation  when 
pressure  is  applied  to  Port  1  and  a  counterclock- 
wise  rotation  when  Port  1  is  vented. 


Drive  shaft  rotation  Is  limited  to  90*  plus  or 
minus  5*  by  the  stop  screws  located  in  each  end 
cep  which  limit  the  pistons  outward  travel. 

Stamtard  AesotnMy 

Adjustment  of  the  counterclockwise  rotation 
limit  is  accomplished  by  roteting  the  stop  screws 
to  reduce  or  increase  output  rotation. 


ftavefse  Awwnfeiy 

When  required,  the  platens  can  be  Inverted  in  the 
houaing  ailing  travel  stop  adjustment  of  the 
clockwise  output  rotation. 


Typical  Specifications 


The  tollowing  information  may  be 
used  as  a  guide  to  compile 
specifications  tor  rack  and  pinion 
pneumtfic  actuators.  QH-Bettis 
RPB-Sefies  actuators  meet,  a 
«a»ed  all  the  specifications 
stated  below. 

1J)  BMis  RPB-SerkM 
Pneumatic  Rack  &  Pinion 
Actuatona 

1.1  The  pneumatic  actuator 
shall  be  quartsr.tum,  opposed 
piston  rack  and  pinion  type  of  a 
totally  enclosad  design  wfth  no 
external  moving  linkages. 

1.2  The  actuator  shall  be  capa¬ 
ble  of  95%*  rotation  and  shall 
include  extennal  travsl  stops  with  a 
minimum  of  10*  adjustment. 

1 J  The  actuator  sliall  be  rated 
tor  continuous  operation  using 
dry  or  lubricated  non-corrosive 
gas  and  suitable  for  mounting  in 
any  position. 

1.4  Ambient  temperature  range 
shall  be  from  -40*F  to  +200*F. 

For  high  temperature  service  the 
actuator  shall  be  rated  from  0*F 
to  +360“F. 

IkHWtructton 

3 .1  Actuator  housing  shall  be 
prec  Sion  extruded  aluminum, 
hart  anodixad  with  external  and 
internal  UV  resistant  tluoro- 
pd)  mer  impregnation. 

2.2  Actuator  shall  be  supplied 
wWi  all  stainless  stoel  fasteners. 


2  J  The  drive  shaft  and  pinion 
shall  be  one  piece  steel,  bottom 
loaded  blowout-proof  with  a  fluoro- 
polymer  coating  and  secured  by 
nori-skposad,  redundant  staimees 
steel  retaining  rings  tor  satoty. 

2A  End  caps  shall  be  cent 
aluminum  UV  resistant  fluonv 
potymer  coated. 

2Jf  Actuator  shall  incorporate 
internal  porting  to  permit  use  of 
either  direct  mount  or  remote 
contrais  with  a  minimum  of  axtar- 
nal  tubing. 

2.6  Actuator  shall  be  provided 
with  a  mechanical  Indexable  visual 
position  indicator.  An  optional  slot 
for  direct,  low  profile  of  shaft 
driven  accessories  utilizing  uni¬ 
drive  hardware  shall  be  provided. 

3,0.  Design 

3.1  Double-acting  and  S(>rfng- 
retum  mrxlels  shall  be  offered 
and  fiefd  convertibfe  by  onfy  the 
reptacemem  at  and  caps  or 
spring  module  assemblies . 

3.2  All  spring  module  asaetn- 
blies  must  be  of  seif  contained 
field  service  safe  design. 

3J  Spring  design  shall  allow 
safe  conversion  of  spring  modules 
(0  fit  appUcation  requirements. 

34  Special  tools  Shan  not  be 
required  to  adjust  or  accomplish 
field  conversions. 

34  There  shall  be  no  bearing 
area  outboard  of  the  pressure 
containing  or  weather  seals. 


34  Use  of  ssIMhreading  or 
thread  forming  festaners  shall  be 
strictty  prohibitad. 

3.7  Actuator  must  not  kKxx- 
porete  any  metaMomalai 
pressure  seals. 

34  All  springs  must  be  shot 
peened  Artd  cormaion  protected 
to  sflsim  maximum  cyide  life. 

34  Actuator  shall  be  fktfd 
reversible  to  provide  tS*  travel 
adjustment  at  outboard  etd  of 
travel  and  non-adjustabte  '/i* 
nominal  over  travel  in 
opposite  diroclion. 

3.10  Full  tooth  engagement,  at 
the  pitch  Une,  shall  be  maintained 
throughout  full  range  of  travel 
minimizing  potential  tooth  faHurs. 

Mat»riais  of  Construction 

A.  Body:  Prsciaion'SKtrudad 
aluminum  alloy,  hard  anodizad 
and  fluoropolyntef  imptegnafed. 

B.  Pistons:  Cast  aluminum 
afioy.  dichromafe  dipped. 

C.  Output  Shaft/Pinloii:  Carbon 
sisel,  fluoropolymer  coaled. 

D.  End  Ca^;  Cast  aluminum 
alloy,  fiuoropolyms'.  coated. 

E.  ffestenem:  All  stainless  steel. 

F.  Seaia;  Nitrile  standard. 

Viton,  optionat. 

Q.  Springs:  CaitxMi  steel, 
phosphate  coated,  oil  dipped. 

H.  Heel  Bearing:  PEEK  Alloy. 

J.  Piston  Bearing:  RuoroplMtic 
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Sizing  information 


The  foliowing  Infbmiation  is  designed  to  aid  In  cor¬ 
rectly  selecting  OH-Bettis  Rack  and  Pinion  Actuatots. 

Accurate  valve  torques  must  b<>  determined  at 
extieme  and  Intermediate  valve  positions.  Vidve  size 
and  type  are  dsterminsd  by  application  requirements, 
such  as  differentia!  pressura,  madia.  tsmpMure 
and  valve  nnanulecturers  suggested  safety  factor,  that 
affect  tequirad  torque  at  tpscific  valve  poartions  and 
direction  of  travel. 

For  DoiAle-AcUng 

Using  the  minimum  operating  prassure  available 
at  the  actuator's  Installad  location,  selsci  a  column 
from  the  Torque  Rating  Chart  of  less  than  or  equal 
pressura.  Look  down  the  column  until  an  output 
torque  Is  selected  which  is  greater  than  the  valve’s . 
maximum  operating  requiromstK.  Determine  the 
correct  actuator  modsi  number  which  appeam  on 
the  same  line  as  the  salscted  outptrt  torque. 

For  Sprino-Reti’.'n 

The  valve's  maximum  toroue  requirement  at 
sps6lic  locations  and  direction  of  travel  must  be 


e-Dceeded  by  the  actuator's  spring  start,  end,  air 
start,  and  end  as  appropriate. 

On-Off  m-Ctosed  Applications 

1.  Salsct  appmpriats  actuator  spring  end  and  air 
start  torque  tor  maximum  valve  seating  and  break 
torque  requirements  respectivoly. 

2.  Select  spring  start  and  air  end  torque  for  max¬ 
imum  valve  t^ue  raquirement  at  full  open  position. 

3.  Compare  spring  stan  torque  to  maximum  valve 
stem  ,:iHowable  torque. 

On-Off  FMI-Opan  AppCIcatlona 

1.  Select  appopriata  actuator  spring  start  and  air 
end  torque  tor  maximum  valve  btMk  and  seating 
torque  raquiramsnt  respectively. 

2.  Seleci  spring  end  and  air  start  torque  tor  max¬ 
imum  valve  torque  requirement  at  full  open  position. 

30ompare  air  start  torque  to  maximum  stem 
ailowsbia  torque.  For  modulating  and  other  severe 
service  applications,  a  minimum  actuator  torque  of 
25%  greater  than  the  valve  torque  laquiremant  at  all 
poaitiona  of  traval  is  racommanded. 


OouMe-Actliis  ^  ^  Spring-Ratunt 


Torque  Ratings  (Pound/lnches) 


Doubld-Actlng  Aetualort 
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spring  R«tum  Actuators 
RPB-Series  (Pneumatic) 


Performance  Data 


Oponting  Prssaure  Range;  40  to  120  PSIG. 
M^num  AiicMable  Working  Piesaure:  150  PSIG. 
Maximum  Operating  Ptassure:  120  PSIG. 

Operating  Motlia;  Dry  or  luhricaleci  non-corronive  gas. 


Operating  Ibrnperature: 
SSsndaid:  -40‘>F  to  +200'’F 
Optional:  0®F  to  +350®F 


Double  Acting  Actuetors 
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Spring  Return  Actuators 
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RPB-Series 
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Mounting  Oimenslona 


BettiSolenoid 


BettlSolanolds  are  custom  designed  for  use  with 
the  RPB-Series  pneumatic  actuator  product  tine 
offering  a  direct  mount  feature  which  eliminates 
interconnecting  tubing  and  fittings. 

Qetwral  Description 

1.  4-Way,  5  port,  2  position,  single  coil  with  manual 
override. 

2.  S-Way,  2  position,  normally  closed,  single  coil 
with  manual  override. 

Operation: 

The  valve  operates  when  the  coll  is  electrically 
energized  and  returns  when  the  coil  is 
de-energized. 

Madia:  dry  or  lubricated  non-corrosive  gas. 

Pressure: 

Minimum  operating  differential:  3Spsl  (2.4  bar). 
Maximum  operating  differential:  I50psi  (10.3  bar). 

Orientation: 

Valve  may  be  mounted  in  any  attitude/position. 

Coi!  Enclosure: 

1.  NEMA  4,  Watertight  and  dust  tight— indoor  and 
outdoor.  Intended  for  use  Indoors  or  outdoors  to 
protect  against  splashing  water,  seepage  of 
water,  falling  or  hose  directed  water  and  severs 
external  condensation.  All  coils  are  UL  and 
CSA  listed. 

2.  NEMA  4-7-9,  combination  watertight  and  explo¬ 
sion  proof— Indoor  and  outdoor.  Offers  the  same 
protection  as  NEMA  4  listed  above  plus  hazard¬ 
ous  location  ratings  7C,  7D,  9E,  9F  and  9G 
(Class  I  &  II,  Groups  C,  D,  E,  F  and  G)  Division  I 
and  II.  Enclosure  is  UL  and  CSA  listed. 


Coll  Connection— NEMA  4: 

1.  Vi  NPT  Terminal  type  plug-in,  standard. 

2.  Strain  Relief,  no  cord,  terminal  type  plug-in. 

3.  Strain  Relief  with  6  ft.  (1.8m)  cord,  plug-in. 

4.  Strain  Relief  with  120VAC-60HZ  light,  no  cord. 

5.  Strain  Relief  with  24\/0C  light,  no  cord,  terminal 
type,  plug-in. 

Coil  Connection— NEMA  4-7-9: 

Vi  NPT.,  potted,  24"  leads 


TMnpwatura: 

MwSia;  -40Fto  -fSOOF. 

AmMmt:NEMA4.  -40Ftc 

NEMA4-7-9,  -40Fto  -t-12SF. 

Coil  Ratino: 

1.  NEMA  4;  Continuous  duty  moldad  Oass  H 

insulation. 

2.  NEMA  4'7->:  Continuous  duty  nwldad  Clast  6 

insulation. 


Dimensions 


CoNVoltago: 

1.  120VAC-60HZ/110VAC-SO  Hz. 

2.  240yAC-«OHz/220VAC-90Hz/120VC>C. 

3.  48VAC-60Hzy44VAC-S0Hz/24V0C. 

4.  24VAC-80Hz/a2VAC-50Hz/12VDC. 

CoE  VoNaos  VorMlofi;  •*-/- 10%  of  Nominal. 

ftmror  Consumption:  6  watts 

Matsttols: 

Valsa  Bsdy  Aluminum,  anodized. 
Saats/O'RInas  =  Nitrile. 

Faetsnars  -  Stainless  Steel  assembly  and 
attachment. 
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MULimLEmAQ  TBANSMtUEB 

The  Multiple  Head  Transmitter  is  a  compact  and  curable  transmitter  designed  and 
developed  by  Gate  City  to  provide  from  one  to  four  outputs  in  a  single  housing  with 
future  modifications  in  mind.  Where  space  limitations  make  stacking  of  several 
transmitters  difficult,  the  Multiple  Head  Transmitter  becomes  the  ideal  alternative  using 
only  4-5/8"  of  height  in  the  meter  stack. 

The  Multiple  Head  Transmitter  can  be  used  with  any  metering  system  that  uses 
Veeder-Root  accessories  with  a  variety  of  adaptors  and  couplirtgs  to  fit  your  meters 
needs.  For  proper  transmitter  application,  our  engineering  staff  will  need  to  know  what 
tXBB.Qf  malflr,  the  modal  number,  and  the  volume  oer  output  shaft  revolution.  Our 
custom  gear  plate  designs  allow  any  volume  of  measurement  to  be  used. 

The  Multiple  Head  Transmitter  is  currently  available  with  two  types  of  electrical 
outputs,  both  of  which  are  enclosed  In  explosion-proof  housings  which,  depending  on 
the  electrical  code  requirements,  the  approval  authority  can  be  U.L,  C.S.A.,  BASEEFA 
of  Ex.  Most  European  countries  will  soon  standardize  on  CEHELAC  which  will 
combine  BASEEFA  &  Ex.  When  a  low  resolution  is  required  a  Single  Pole  Single 
Throw  (SPST)  pulsar  is  used,  this  would  include  such  applications  as  1  pulse  per 
gallon,  1  pulse  per  deluiliter,  or  similar  output.  This  type  of  pulser  is  normally  used  to 
signal  a  data  system  or  similar  device.  A  similar  transmitter  modified  with  a  contact 
protection  network  would  be  used  with  inductive  devices  such  as  a  Gate-Pak™ 
additive  injector.  For  applications  that  require  a  high-resolution  pulse  output  a 
Vseder-Root  solid  state  pulser  is  used  to  supply  outputs  such  as  100  pulses  per 
gallon,  10  pulses  oer  liter,  etc.  This  type  of  pulser  is  normally  used  in  applications 
such  as  product  blending  or  electronic  presets  where  a  high  degree  of  accuracy  is 
required. 

The  MuKipIs  Head  Transmitter  is  also  available  with  a  Right  Angle  Drive  output  that 
can  be  used  to  drive  various  mechanical  and  electrical  devices  normally  associated 
with  electronic  meter  proving  or  rate  of  flow  indicators.  The  Right  Angle  Drive  can  be 
set  up  to  provide  one  output  revolution  per  5  gallons.  10  gallons,  1  barrel,  1  dekaRter, 
etc. 


When  the  Multiple  Head  Transmitter  is  used  and  only  one  pulser  is  required  at  the 
present  time,  but  future  requirements  are  known.  Gate  City  can  provide  your  Multiple 
Head  Transmitter  with  the  appropriate  gearing  so  that  ths  correct  pulser  may  be  added 
in  the  future.  The  future  pulser  can  be  r>dded  merely  by  removing  a  blind  i^ate  cover, 
and  bolting  the  new  pulser  into  position. 

For  further  information  contact  the  Gate  City  (Rstributor  In  your  area,  or  contact  Gate 
City  direct  and  let  us  solve  your  hqukf  measurement  problems. 
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MULTIPLE  HEAD  TRANSMITTER 
APPLICATIONS 


OPTICAL  QATINQ 
CONTACTOR 


DIOITAL  SHAFT 
ENCODER 


TERMMAL  AUTOMATION 
AND  DATA  SYSTEM 


RIGHT  ANGLE  DRIVE  FOR 
ATTACHMENT  OF  PORTABLE 
ELECTRONIC  METER 
PROVING  EOUPMENT 


MASTER  METER 
PFOVER  COUNTER 
MMC-7 


CONTACT  PULSE  TRANSMITTER 
FOR  ADDITIVE  INJECTION 
SYSTEMS  -  PULSE  RATE  PER 
SYSTEM  REQUIREMENTS 


CONTACT  PULSE  TRANSMITTER 
FOR  TERMINAL  AUTOMATION 
AND  DATA  PROCESSMG 
1  PULSE  PER  GALLON  OUTPUT 


SOLID  STATE  PULSE  TRANSMITTER 
FOR  DIGITAL  VAl  VE  CONTROL 
EQUIPMENT  WITH  OPTIONAL 
PARITY  CHECK  FEATURE. 


TRANSMITTER  HOUSING.  AND 
MPUT/OUTP<JT  COUPLMOS  ARE 
ADAPTABLE  TO  VARIOUS  METER 
APPLCATIONS.  SOME  MDAPTOie 
MAY  BE  REOUIREO. 


QATE-PAK  INJECTOR 
AOOmVE  SYSTEMS 


ELECTRONIC  PRESETS,  BLEI«)ERS. 
AND  OTHER  ELECTRONIC  CONTROLS 
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APPLICATION 


SMITH  METER 


TYPICAL 
SMITH  PRESET 
VEEDER-ROOT 
LNC/PRINTER 


(2) -MOUNTING BOLTS  ' 
REFER  TO  SMITM  L 
PRESET  MOUNTING 
INSTRUCTIONS 


SMITH  TO  VEEDER-ROOT 
ADAPTOR  (4649-1) 

(2) -ADAPTOR  SCREWS 
3«-1 6X3/4  SLOT 


BLIND  COVER  PLATE 
WITH  (3ASKET 

(4)  -  MOUNTING  B(X.TS 
1/4-28X1-1/8  HEX 
(4) -NUTS  1/4  28 HEX 


TYPICAL 

VEEDER-ROOT 

PRESET 

LNC/PRINTER 


(4)-M0UNTINQB0LTS 
1/4-28X1-1/8  HEX 


MULTIPLE  HEAD 
TRANSMITTER  WITH 
SMITHA/EEDER-ROOT 
INPUT/OUTPUT 
COUPLINGS 


(4)  -  MULTIPLE  HEAD  TRANSMITTER 
MOUNTING  BOLTS 
1/4-28X7/8  HEX 


TYPICAL 

COUPLINGS 


SMITH  METER 
iF4-S1  SHOWN) 


APPLICATION 


SMITH  METER 


OUTPUT  COUPUNG  APPLICATION 


INVERTED:  FOR  SMITH  342  MB  SERIES  PRESET  AND  OTHER  SMITH  EQUIPMENT 
SEE  INVERTED  DETAIL  DIMENSION  MUST  BE  AS  SHOWN. 

PROCEEUUBE  •  LOOSEN  SET  SCREW  AND  INVERT  COUr'LlNO.  ADJUST  TO  PROPER 
HEIGHT  AND  TIGHTEN  SET  SCREW- 

STANDARD:  FOR  VEEDER-ROOT  340C  (7889)  SERIES  PRESET  AND  COUNTER 
PRINTERS.  SEE  STANDARD  DETAIL 

-5^ 
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APPLICATION 


BROOKS  BRODIE  METER 


BRODIMATIC  [ 
COUNTER  ^ 

COUNTER 

BASE 

hEL 

SPACER 

SHAFT 

Q 

ADAPTOR 

J  1 

PLATE 

(P/N  3650300000) 

1 

1 _ 

ADAPTOR  MOUNTING 
(4)  BOLTS  -  1/4-28X7/8  HEX 

BLIND  COVER  PLATE 
WITH  GASKET 

(4)  -  MOUNTING  BOLTS 
1/4-28X1-1/8  HEX 
i4  NUTS  1/4-28  HEX 


TYPICAL 

VEEDER-ROOT 

PRESET 

LNC/PRINTER 


(4)  NUTS  - 1/4-28  HEX 

TRANSMITTER  MOUNTING 
(4)  BOLTS  -  1/4-28X1-1/8  HEX 
<<)  NUTS  - 1/4-28  HEX 


SPACER  SHAr 


•BRODIE  ADAPTOR 
(P/N  36503100) 


(4)  -  MOUNTING  BOLTS 
1/4-28X1-1.'8HEX 


MULTIPLE  HEAD 
TRANSMITTER  WITH 
SRODIE/BRODIE  (BROOKS) 
INPUT/OUTPUT 
COUPLINGS 

(4)  -  MULTIPLE  HEAD  TRANSMITTER 
MOUNTING  BOLTS 
1/4-28X7/8  HEX 


c: 


ADJUSTER 


TYPICAL 

COUPLING 


BROOKS  BRODIE  METER 


•NOTETOMCXJNTTHE 
MATH>L£>«AOAS 
SHOWN  THE  HOLE 
PATTERN  ON  THE 
ADAPTOR  MUST  BE 
MOCHFCO.^ETHE 
AO/>PTOR  DRAWmO. 
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APPUCATiON 


BROOKS  TO  VEEDER‘ROOT  ADAPTOR 


HOLE  PATTERN  MODIFICATION: 
LOCATE  THE  4  DRILL  GUIDES 
BETWEEN  EXISTING  HOLES 
AND  DRILL  NEW  HOLES  3/16* 
DIAMETER.  USE  ANY  4  HOLE 
PATTERN  FOR  REQUIRED 
TRANSMITTER  MOUNTING. 


ADAPTOR 
(P/N  36503100) 


APPLICATION _ 

LIQUID  CONTROLS  METER 


BLIND  COVER  PLATE 
WITH  GASKET 

(4)  -  MOUNTING  BOLTS 
1/4-28X1-1/8  HEX 
(4)  -  NUTS  1/4-28  HEX 


TYPICAL 

VEEDER-ROOT 

PRESET 

LNC/PRINTER 


(4)  -  MOUNTING  BOLTS 
'  1/4-28X1-1/8  HEX 


MULTIPLE  HEAD 
TRANSMITTER  WITH 
LIQUID  CONTROLS 
INPUT/OUTPUT 
COUPLINGS 


(4)  -  MULTIPLE  HEAD  TRANSMITTER 
MOUNTING  BOLTS 
1/4-28X7/8  HEX 
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APPLICATION 


NEPTUNE  METER 


BLIND  COVER  PLATE 
WITH  GASKET 

(4)  -  MOUNTING  BOLTS 
1/4-28X1-1/8  HEX 
(4)  -  NUTS  1/4-28  HEX 


TYPICAL 

VEEDER-ROOT 

PRESET 

LNC/PRINTER 


o  « 


I  •  (4)  -  MOUNTING  BOLTS 

I _ _ _ I  1/4-28X1-1/8  HEX 


TYPICAL 

NEPTUNE 

PRESET 

LNC/PRINTER 


I 


MULTIPLE  HEAD 
TRANSMITTER  WITH 
NEPTUNE 
INPUT/OUTPUT 
COUPLINGS 
PER  APPLICATION 


APPLICATION 
TOKHEIM  METER 


BLIND  COVER  PLATE 
WITH  GASKET 

(4)  -  MOUNTING  BOLTS 
1/4-28X1-1/8  HEX 
(4)  -  NUTS  1/4-28  HEX 


I  .  b 


n  s  0  n-,n 


B 


o  »  •  T)  •iio 


TYPICAL 

VEEDER-ROOT 

PRESET 

LNC/PRINTER 


I  (4)  -  MOUNTING  BOLTS 

I _ _ j  1/4-28X1-1/8  HEX 


MULTIPLE  HEAD 
TRANSMITTER  WITH 
TOKHEIM 
INPUT/OUTPUT 
COUPLINGS 
I 

I  (4)  •  MULTIPLE  HEAD  TRANSMITTER 

I  MOUNTING  BOLTS 

,  1/4-28X7/8  HEX 


t 
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ASSEMBLY 


GATE  CITy  MULTIPLE  HEAD 
TRANSMITTER  HOUSING 
nsSIGNED  FOR  VARIOUS 
METER  APPLICATIONS 


BLIND  COVER  PLATES 
(FUTURE  APPLICATIONS) 


OPTIONAL  TOP  COVER 
PUTE  WITH  GASKET 


OUTPUT  COULPINGS 
FOR  VARIOUS  METER 
APPLICATIONS 


PULSE  TRANSMITTERS 
•DRV  CONTACT 
•DRY  CONTACT  WITH 
CONTACT  PROTECTION 
•SOLID  state  ELECTRONIC 
•SOLID  STATE  ELECTRONIC 
WITH  PARITY  CHECK 


T - IT 


GEAR  PLATE 

(OUTPUTS  PER  APPLICATION) 
WITH  INPUT  COUPLINGS 
FOR  VARIOUS  METER 
APPLICATIONS 
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The  series  1871  pulse  transmitter  has  been  designed  for  use  with  gasoline  pump 
computers  and  miscellaneous  electrical  counters  in  remote  indicating  and  data 
systems.  It  provides  fast,  accurate  pulsing  for  counters,  printers,  and  stepping 
motors  used  with  remote  indicating,  totalizing,  and  data  systems.  UL  listed,  CSA 
certified. 

Description 

The  pulse  transmitter  chops  a  fixed  level  input  voltage  to  form  a  square  wave 
pulse  with  minimum  contact  bounce  for  use  with  transistorized  circuits. 

The  Senes  1871  pulser  consists  of  a  rugged  die  cast  explosion  proof  housing 
with  a  screw  type  cover  for  easy  acess  to  the  pulsing  mechanism.  The  transmitter 
utilizes  a  dry  reed  switch,  magnet,  and  gear  train,  sychronized  to  provide  2  pulses 
per  revolution  or  10  pulses  per  revolution,  as  required. 


Specifications 

Contact  rating . Maximum  50  VA  resistive 

Not  to  exceed  250V  or  3  amperes 

Type  switch . Single  Pole  Single  Throw 

Contact  Resistance . 500  miliiohms 

Actuating  Time . 1  milisecend  av'erage 

Contact  bounce . 1  milisecond  average 

Speed . 0-3000  pulses  per  minute.  600  RPM  maximum 

Pulse  Timing . 40  to  50%  on,  the  balance  off 

Temperature.. . Compensated  for  -40’’F  to  +  160®K 

Housing . UL/CSA,  explosion-proof  Class  1,  Groups  C  &  P 

Cover  holes  provided  for  wire  seal 

-12- 
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De;«crtptioj'i 

These  soild  stats  pufse  transrnitters  provide  fast  and  accurate  signaling  for 
remote  indication,  totalizing,  and  da>a  monitoring  systems.  They  are  UL  listed  for 
gasoline  pump  computers  and  in  applications  that  require  monitoring  of  output 
shaft  rotation  in  haz3n:fous  locations. 

The  output  can  be  either  dual  channel  with  HO  pulsss  per  revolution  per  channel 
Cf  single  cliar.nel  witn  10C  pulses  per  i-evoiution.  The  dual  channel  pulse  trains 
can  bo  staggered  or  overlapping.  A  staggered  output  allows  errors  to  be 
detected  on  either  channel  or  on  both  concurrently(power  loss  to  puiser).  An 
overlapping  output  permits  the  detection  of  directiory  of  rotation  and  errors  on 
either  channel,  but  not  both  concurrentiy.  The*  single  channel  devices  are  used 
when  greater  pulse  density  Is  desired  and  error  detection  is  not  required. 

SpecificatHons 

Recommended  Operating  Conditions 

Supply  voltage  lO'lSv  DC;  75  ma  max  a  v  15v  DC 

Output  Dependent  on  load 

Switching  times  Rise  time  -  2  microseconds  maximum 

Fall  time  -  4  microseconds  maximum 

Input  shaft  speed  600  RPM 

Operating  Environment  -40®F  to  ieO“F  (-.■0'’C  to  32°C) 

Housing  Explosion-proof.  For  use  in  Hazardous  locations 

Class  1 ,  Group  D 

SCHEMATIC 


»  ■ -VCiHiwormt  i<Tt  UwlOw|M<  Mn«tR  w.rmf  kt  Vn»b  0«i^< 
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PARTS 


PARTS  LISTING 


HOUSING 

-  MAJOR  COMPONENTS 

ID# 

Description 

_  _  Part  Number 

1 

Base  housing . 

. 02-00004 

2 

Bushing . 

. 02-00050 

3 

Gear  plate  (Standard  16:1) . 

. 02-00075* 

4 

Gear  plate  screws  (2  req) . 

. 02-00052 

5 

Blind  plate . 

. 02-00006 

6 

Blind  plate  bolt . 

. 02-00057 

7 

Add-on  Pulser 

2  pulses  per  revolution . 

. 02-00100** 

1 0  pulses  per  revolution . 

. 02-00200** 

1 00  pulses  per  revolution . 

. 02-00300** 

8 

Pulser  mounting  plate  bolt . 

. 02-00059 

9 

Right  angle  drive  adaptor . 

. 02-00400 

10 

Blind  cover  gasket . . . 

. 02-00080 

11 

Bfind  cover . 

. . 02-00085 

12 

Blind  cover  bolt . 

. 02-00087 

13 

Blind  cover  nut . 

. 02-00088 

*  To  insure  the  correct  replacement  gear  plate  will  require  the 
original  Multiple  Head  Transmitter  serial  number 

■*'*  To  insure  the  correct  replacement  or  add-on  pulser  will  require 
the  original  Multiple  Head  Transmitter  serial  number 
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PARTS  LIST 


„  UST!NG 

PULSE  TRANSMITTERS 


JDiL.  EteaCripiioD _ _  .Eart  Number 

1  Puiser  mounting  plate . 02  00029 

2  Puiser 

2  PfR*  (187180-051) . 02-00034 

10  PPR(1 871 80-052) . 02-00035 

100  PPR  (767181-325) . ...02-00036 

100  PPR  with  parity  check  {767t81-325P) . 02-00037 

3  Reed  switch . 02-00099 

4  Contact  protection  network . . . 02-0001 0 

5  Puiser  mounting  screw . . 02-00 1 05 

6  Puiser  mounting  plate  bolt . 02-00059 

7  24  Tooth  puiser  drive  gear . 02-00002 

3  36  Tooth  puiser  drive  gear . 02-00003 

9  18  Tooth  puiser  drive  gear . 02-00001 

1 0  Veeder  Root  puiser  drive  gear . 02-001 1 0 

1 1  Set  Screw,  drive  gear . 02-001 1 5 

*  Pulses  per  revolution 
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PARTS  USTSNG 
RIGHT  ANGLE  DmVE 


D#.  DescriPtjon _ EadJMSfir_ 

1  Right  angle  drive  plate . OJi-00022 

2  Bushing . . . 02-00050 

3  Shaft. . . . 02  00024 

4  Retaining  ring . . . . 0, 2-001 20 

5  Drive  screw . . . 02-00122 

6  Cable . 02-00124 

7  Cap . . . . 02-00023 

8  Mounting  bolt . . . 02  00059 

9  24  Tooth  pulser  drive  gear. . . 02-00002 

1 0  36  Tooth  pulser  drive  gea< . 02  00003 

11  18  Tooth  pulser  drive  gear . ,02*00001 

1 2  Veeder  Root  pulser  drive  gear . 02-001 1 0 

1 3  Set  Screw,  drive  gear . 02-001 1 5 
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PARTS  LIST 


SHAFTS  AND  COUPLINaB 


LIQUID  VCEDER- 

CONTROIS  ROOT  TOKHEIM  Hi'XKWiiLL 


VEEDER- 

BOOT 


BRODIE  NEPTUNE 


liquid 

CONTROLS 


VEEOER  ROOT/ 
VEEDER-ROOT 


BRODIE/ 

VEEOER-ROOT 


LIQUID  SMITH 
CONTROLS 


TOKHEIM  ROCKWELL 


BRODIE 
SQUARE  DRIVE 


n. 


NEPTUNE 


NEPTUNE 
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_ _ PARTS  usrmc 

SHAFTS  AND  COUPUNGS 

-PesgfptiQD - Part  Nijmber 

Liquid  Controls  Output  coupling . . . 02-0001 6 

Liquid  Controls  shaft . 92-00014 

Liquid  Controls  input  coupling . ,...,02-00015 

Veeder-Root  (Smith)  Output  coupling . 02-00027 

Veeder-Root  to  Veeder-Root  (Snrtitii)shaft . . 02-00028 

Smith  Input  coupling . 02-00060 

Tokheim  Input  (Pin). . . . 02  00065 

Tokheim  shaft . . . 02-00070 

Tokheim  Input  coupling . . . 02-00072 

Rockwell  Output  (;oupling . . 02-00091 

Rockwell  Input  Coupling . 02-  00093 

♦Rockwell  couplings  use  shaft  PN  02-00028 

Brodie  to  Veeder-Root  shaft . 02-00009 

Brodie  Output  coupling . 02-00008 

Brodie  to  Brodie  shaft . . . 02-00130 

Neptune  Output  coupling . . . 02-00020 

Neptune  shaft . . 02-00017 

Neptune  Input  coupling . . . 02-00018 
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TTw  7M7  V— d»f-Moot  Ma(M  »»;|liliif 

The  Fluid  Power  Product's  Meter  fitted  with  the  7887  Veedet  Root 
Register  e  cn  oufttortdirig  choice  for  recordfitg  ood  ditployirtg  deliveiv 
data  lr>  a  wide  variety  of  lodustriet.  This  system  totaiizes  and  dispiavs  high 
speed  dekvenes  and  transactions  in  large  easy-to-read  figures,  ond  It  is 
ideol  tor  increased  efficlertcy  m  al  kinds  of  liquid  inventoiy  and  deVveiy 
operatiorts 


The  7Mt  Veeder-ftoot  lleler  WegWer  and  Preset 

The  Fluid  Power  Product  's  Meter  fitted  with  the  7891  Meter  Register 
and  Preset  combines  inventory  control  and  data  processing  Information 
for  a  wide  variety  of  Industries.  This  system  combines  to  control  and 
dispioy  high  speed  fluid  deliveries  arid  tronsactioris  arid  It  b  ideal  (or 
iTicreased  etticiericy  m  al  kinds  of  Iquid  Inventory  monitoririg  arid 
control  mstolations 


The  7890  Veedec-Rpot  Meter  Regiiter  and  Pitnter 

The  Fluid  F>ower  Product's  Meter  fitted  with  the  7690  Meter  Register 
and  Printer  provides  inventorY  control  records.  bW  of  lodirig.  receipts  or 
invoices,  occountirig  records  and  data  processing  Information  In  o  wide 
voriety  of  IndLBtries  This  system  produces  clean,  detailed  printed  records 
of  high-speed  fMd  dekvers  and  trarisocfloris.  and  It  B  ideol  tor  increased 
efficiency  in  al  kinds  of  liquid  Inventory  monitoiirig  and  control  sttuatioris. 


The  7671  Solid  Stale  Pute  Vromminer  and  the  1671  P«dM  TiunwnIWer 

These  two  pubo  transmitters  mounted  to  Fkkd  Power  Product's  Meter  are 
destgned  to  provide  last,  occurote  puBkig  for  countea.  printers  and 
steppirig  motors  used  with  rerriote  mdtcatlrig,  totatalrig.  otkI  data 
systems  The  187 1  IraristTiitter  provides  o  choice  of  1  or  10  ppr.  The  767 1 
output  pulse  can  either  be  dual  chorviel  witti  SO  ppr  or  single  channel 
with  100  ppr 


Phild  Power  Products  Passive  Ptsptoeemewt  Flow  Meiers 

Accepted  arourKf  the  world  In  the  Petroleum.  Chemlcoi.  Agricufturoi, 
Photmoceutical.  Food.  Utllty  and  MBtory  Markets,  these  meters  ore  cost- 
effective  high  peitormonce  meters  Corwtont  attonhjn  to  new  product 
deveiopmenf .  production  design,  high  standards  of  monufocture  and 
(Irxjl  testing  are  the  reoKxrs  Fluid  Power  Products  rneet  the  most 
demondrrg  requirements  of  vorious  types  of  indosiry. 


FLUID  POWC6  PRODUCT.  MC. 

MWV  M  N  and  G€NES£t  SO 
P  C  60X400 
TiCKrAW  la  7CM«6C4aO 
PMONt  (504)  S42  5200 
fAX  #  (»«)  542  7394 


DISTRIBUTED  BY; 


lOCC 
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LIQUID  LEVEL 
SWITCHES 
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Liquid  Level  Switches  for  Pressure  Vessels 

L>1200  &  L'llOO  Float  Operated  Switches 
Also  L~1000  Series  Float  Switches 
for  Normal  Pressure  Applications 
Description 


Revttiad  10-39 
CaUlog  Saction  iS 


Th«  L-1200  is  a  lloai  switch  for  high  pressure  vessels,  function¬ 
ing  to  activate  alarms  and/or  to  shut-down  equipment  when  a 
liquid  rises  high  enough  to  .set  the  snap-switch.  All  other  models 
in  the  L-tOOO  senes  operate  In  this  manner.  5u<  vary  in  applica¬ 
tion.  material  make-up.  pressure  rating,  and  siae. 

Designed  to  meet  specification  for  Class  I.  Division  1 .  Group  C 
&  p  ha|Z|rd{Pua locations,  the  1-1200  i  -unn  ura  py. 

the  Canadian  Standards  Association.  These  units  ore  explosion 
proof  constructed  and  all  moving  pans  coining  into  contact  with 
a  fluid  are  corrosion  resistant. 

Installation 

Level  switches  may  be  mounted  directly  onto  a  tank  wall  or  indi¬ 
rectly  by  means  of  standoff  piping  and  float  chamber  For  direct 
mounting  ol  the  L-t200  Murphy  manufactures  a  weld  collar  that 
is  mechanically  designed  ic  allow  full  lloat  travel  in  switching. 
Also  manufactured  is  a  lloat  chamber  (1500  psi  rating)  for  instal¬ 
lations  requiring  isolation  ol  the  lloat  from  turbulent  or  rapidly 
fluctuating  liquid  levels.  Either  mounting  should  be  installed  per 
ASME  pressure  vessel  code. 


L-1200,  L-1100 
Works  EfftGiCtlvQly  On: 

•  Compressor  Scrubbers 

•  Pressure  Vessels 

•  Heater  Treaters 

Any  Equipment  Needing 
a  Liquid  Level  Monitor 


Examine  typical  float  chamber  and  weld  collar  Installations.  Take 
special  note  in  lloat  chamber  installation  of  the  hammer  lug 
union  on  the  lower  horizomal  pipe:  one  or  more  such  unions  are 
necessary  to  faalitate  mounting. 


FLOAT  SWITCH  M0P::LS: _ 

MODEL  DESCRIPTION 

L-1200'  1S00pii/10.3MPs  pi««ure  rating.  2'  NhT 

BUOYGLAS™  Floil  SPD  .-'  tits  Murtmy 
Float  Chamber  or  WekI  Collar. 

L-1200-SS'  Slainless-sieel  body  anci  curar 

L-1100  ISOO  psi/10.3  MPa  preisi'ra  laiinq.  1  1.2  NPT 

BUOYGLAS'-  Float.  SPOT- 


MODEL  "OESCniPTION 

L-IPkO  15o»ii103kP«preaaiirf  rating  2"  NPT. 

Folypropylsr*»  Float.  .SPOT” 

L-1150  tSpaVi03kPa  pressure  rating  1/2"  NPT, 

Polypropylene  f  bat.  SPfiT" 

■ALSO  Modvi  l.)r  aOO'F  SoiVice  wxh  Stainless-Sleal  Flost. 

"All  models  can  be  cnfoied  with  a  OPDT  twiich.  speaty  by  designatoi 
OPOT 

ALSO  SEE  NOTES  BACK  PAGE 
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L-1200  OPDT,  L-^100  DPOT  ft 
13-00*0136  Micro  S^ch  ASMrnOly 
Switch  Rating  10A  <S>  250  VAC 

WtRtNO  DIAGRAM 
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nEPLAC!:MENT  PARTS 

Pan 

L-1M 

ivcMitn 

1S-0(K>124 
1501-02W 
OJ»Mminto< 
15-01-07M 
tS-05-UW 
1S05  0002 
tSOS-OM/ 

L-ltW 

tS05-«>>« 

1W1031J 

C«rt**»ogol: 

iS-Ct-0030l 
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NOTES _ _ 

t  7bo  following  iiomt  on  (ti#  L-1200.  L-1200  DPOT.  I  IIOO.  and  lha 
t-1100  OPDT  can  bo  raptacad  or  racaMM-aiad  it  iha  factory:  O  nngs. 
Guida  Shaft  aiaanTbi)*.  Opiwating  Lavtr 

M  L-1200  OPDT.  L- 1100  DPDT:  R*p*ric*fn*nl  pani  ai»  lha  Mira  as  i»»f 
1-1200  arid  tha  L*1100  axoapt  (or  Micro  Switch  Asaampfy;  Part  NumPir 
lS-00-0136.  Saa  wiring  dtapi-am  aPova. 

A  5/16  diamatai'  k  I”  kmgth  Float  Shaft  Eytantion  can  ba  ordarad.  Ask 
for  Part  Numbar  Will  ba  sfNppad  iooaa 


s>aei:  BUOYtiLAS'* 

Mora  r>w<c^  4'SMnibiv 
Co^/mr  Ostonoa  AsttmMy 


A  suvinNits  staal  hoot  is  avaiitbla.  0.65  spaafic  gravity,  for  Part 
Nwtfsar  1  S-Or'-Of  66  tor  tha  L-1200;  1 5-05^)356  lor  tha  L- 1 1 00. 


i.evor  Ajvj'Amwv 

Hir.g«  Pw, 
WSBhcrQ'  WyH>n 
rrfinng  ^‘tvjTT’ 


*Sfair>iasi  Staai  Modait  comply  with  tha  National  Association  of 
CorroSKm  Enginaars  (NACE)  Standard  MR  O  i  -75  for  axpoivtra  to 
in  hydrocarbon  Oaanng  sarnca,  for  laAslanct  to  Soffkfa  stiais  cracking. 


SiDPaficMtrons  suOfpa  to  c^nga  Without  poor  nottco 


■  S^nMl  tt.  MwpHy  MawwItcHfir 

P  0  Box  <1170248:  Tu>u.  OtUlhomi  74147  USA 
Iti.OISlSSr-lSSO  tax  (918)  864-8140  ttx  492332 
n  Ffiiifc  «.  isa«N»i  iMetai 

PO  Bo*  1815:  rto$€ftt«r5.  Tesss  7f47i:  USA 
I  tel  (713)  342*029/  fax  (713)  341-80)6  Hi  762629 


■  Ra*  «.  Mwpte.  m. 

CfRirct)  Hfl ;  Livtrstocfc  SliaOorySPI  10Z:U.K. 
tel.  (0722)  4100S5  ftx  (0722)  410068  Hi  477068 
•  Ritfi «.  Mwphy  Pla..  Ua. 

26  Sigteo  Orivt  RawNic  m  Stngwrt  1S45 
tel.  (85)241-3166  ftx  (65)  241-8382  axRS24108 

■  aratet  Hf.  M  i|i>n  Ffasia 

31.  rw  Pssteuf  95870  P*n»:  f  nnct 
Ml.  (t)  30  7^676  Isi  (I)  30  753989 


■  BlMplte8allRlaa.lX4iC.V.  | 

Francisco  2irco  No  113;  AMmMf. 

'/8280  Sjn  Luis  Potofi:  S.LP.;  Msxicti 
M.  (S2)  48164061  tax  (52)46129071 

KlfcifUfteaHtattCaWteali 

P  0.  Box  900788:  PstmOate.  CaHfomta  93590;  USA 
Ul.  (805)  272-47CO  tea  (805'  947-7S70 

m  Mwafesfe  Pfy.,  lAl 

1 820  Mum«  Highwity.  C«  nn^MitW  ViC  ^  1 :  Austraia 
Ilf.  (61 )  3*358-5555  tea  (51 )  3-356-SSS6  J 

saaxssssBOsassitasmiSPJ^ipsssassfiss^ 
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SPECTK 
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KF  16”  AND  KG  20”  INSPECTION  MANHOLES 


The  KF 1 6"  and  the  KG  20"  Inspection  Manholes  give  excellent  service  when  there  Is 
no  need  for  a  fill  opening  or  venting.  These  units  are  available  in  steel,  aluminum  or 
stainless  steel. 

The  covers  are  easy  to  remove  for  tank  inspection. 

Standard  for  both  units  is  a  black  Buna  N  gasket,  which  is  held  in  place  by  retainer 
clips  welded  to  the  cover. 


KF  16”  INSPECTION  MANHOLE 

OVERALL  HEiGHT:  3'/V  "  (ApproximiWy)  AVERAGE  SHIPPING  WEIGHT:  StMl  — 14  pounds  Aluminum  —  6  pounds 


MODEL 

COVER  MATERIAL 

WELO  RING  16  ”  ID 

GASKET 

‘  VENT 

TYPE 

CODE 

CONTACT  PARTS 

EXTERNAL  PARI  S 

CODE 

MATERIAL 

CODE  MATERIAL 

CODE  TYPE 

KF 

1 

StMl 

Stasl 

1 

3"  StMl 

12  gauge 

1  Black 

Buna  N 

0  No  Vent 

2 

Aluminum 

Plated 

2 

Aluminum 

3”  MW” 

3 

SS304 

PUtsd 

3 

3-304SS 

12  gauge 

4 

SS304 

/KG 

20”  INSPECTION  MANHOLE 

OVERALL  HEIGHT:  3'/k  "  (Ailproxioistaly)  AVERAGE  SHIPPING  WEIGHT:  StMl 

— 16  pounda  Aluminum  —  6  pounds 

MODEL 

[WAL 

WELO  RING  20 "  ID 

GASKET 

VENt 

TYPE 

CODE 

CONTACT  PARTS 

EXTERNAL  PARTS 

CODE 

MATERIAL 

CODE  MATERIAL 

CODE  TYPE 

KG 

1 

StMl 

StMl 

1 

3"  SiMl 

12  gauge 

1  Black 

Buna  N 

0  No  Vent 

2 

SS304 

Plated 

2 

Aluminum 

3”  X  W 

SS304 


SS 


12  gaugt 


January.  19S7 
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KNAPFCO  —  KANSAS  CITY.  MISSOURI  64150 


4304  Mattox  Road 


Telephone;81 6-741-6600 


110 


REFERRALS 


DESCRIPTION 


Cov«r  AxMnibl 


GMkat.  Cov*r 


Bolt.  Clamp  Ri 


Nut.  Clamp  Rin 


Waahar.  Clamp  Ring 


STEEL  ALUMINUM  PLATED  304  SS 


1089  1090  1091 


09 


1110  1111 


1114  1115 


1113 


316  SS  OTHER 


KG  20>rNSPECTION  MANHOLE 


Wald  RIn 


Clamp  Rin 


Covar  Aaiambly 


Gatktt.  Covar 


Bolt.  Clamp  Ring 
Nut  damn 


STEEL  ALUMINUM  PLATED  304  SS 


316  SS  OTHER 


H:L:F-15D0 


IndustridI 
Products. 
» .  Division 


BEGUtiAlpR 


CL-F1500 


I  14 


lyiATEREALS 


4  •  1  SSN 
cMiiiTiflcMn 


1J^\  ; _ J__ _ 


CLncm-yi-4iyHWM 


^  a  5  2  I  °  IV4”-6”f«# 

OMsmctiOft 


).  tndi  ASTM  AJISYKa  C«fb(/o 

S.tml 

3  Scat  Riaiiir  C.flj.  *121.14 
(;4"-n,  AST«  AZIfiWCa 
Cc't’on  StitI  OH' '  ’ip).  AISI 
.'IISSS  I'd'  T3i6mi)-‘ci  (H"-I") 

i.  tell  Monti 

4  Sttm  -  MomI 

5.  Ston  Viroiii  PTFE 

S.  (inktl  •  Vinjin  PTFE  lo.  Option 
OUnO  02. 

7.  Tkan  Wttlitr  V'fjin  PTFE  tor 
QptijnQI  tort  02. 

I.  CUodShtvd  tlOIBC.ni.OH'  up; 
AISI  31ESSfatT31E  modtl  tIH' •  up) 


!1.  liitiiiRttfiiioi-tiOtOC.RS. 
MH"-3"I:AS1M  A216WCB 
'f'tnd  6"! 

to.  Htx  Sochtt  Httt)  Boll '  Cubon 
S<Ml;Atiil  UQtSSfut  T.ME 
.oodil  ItH'Uo) 

11.  Child  Piicl,i«(  -  Corrp'niPd 
G.-tpliitt  H"-1"  (Ipitct),  Viijifl 
PTFE  1H"--J(i  IH-pitci) 

12.  Sttppti '  *1018 Carbon Si«pl(tH"'up), 
304SS  lor  T31S  moJ*l  11V-  up) 

1J.  R<!taii»:i!5Riop-3MSSI1H"-up) 

H.  GtaM  flioi -MonaMlV-uol 

IS.  Sprinj-Stritj  aOlISS 'IV-ue) 

10.  Tape  lintt  ■  Ramlofcad  PTFE  (IH  "  up! 


17.  Wasbtc  ■  Cold  RoUtd  Statl.  304SS  for 
T316  modal  IIH"-  up) 

It.  nalt  •  F old  Rolltd  Statl ,  3S4SS  for 
T31Smpdt!(IH"'  up! 

IS.  Kandta  -  Cold  flollid  Statl  (H"'1''). 
C'Jttila  Iron  (1H'’-up).  Scritt 
300SS  lor  T316  modtl  (H"-1") 

2J.  Nut  -  Carbon  Sltol|H"-1").31CSS 
for  T31R  modtl  Crt"-!") 

21 .  Paefcini  Nut  -  Cold  Rniltd  StttI 
(H"-r')  31SES  for  T3?S  model 
IV-I") 


DISSENSIONS  WEIGHT 


.50  1.58  4.25 

.S5B  2.01  4.C3 

I"  .ITS  IJ3  5.00 

IK"  1.25  3.15  650 

2"  1  50  3J7  7.00 

2K"  2.00  3J5  7.50 

3"  245  3.46 

4"  3.00 


3  50  NA  NA  .31  18  irO  1.13 1  3.0 

3Jt  NA  NA  .38  45  .88  1.38 

4.25  NA  NA  .50  48  .88  148  64 

5.00  340  3.25  74  .37  -  -  12.8 

6  00  3.50  3.25  74  .37  -  -  17.6 

7.00  3J0  3.25  74  .37  -  -  27.1 

7.50  340  3  4  6  74  .27  -  - 

t  oo  413  4.13  t  oo  .68  -  - 


115 


WATTS  CL-F1500  SERIES  UNIBODY  CONSTRUCTION 
ANSI  FLANGED  END  CHLORINE  SERVICE  BALL  VALVES 


Watts  CL-F1500  Series  flanged  end  Chlorine  Service 
ball  valves  are  specifically  designed  for  use  on  dry 
and  wet  chlorine  gas  generating,  storage  and  distri¬ 
bution  systems. 

Available  in  ANSI  150  lb.  configuration  equipped 
with  standard  Monel  ball  and  stem,  these  valves 
provide  maximum  safety  and  service  life  in  critical 
chlo.'ine  environments. 

Standard  features  include:  multiple  chevron  style 


stem  packing:  unihody  design  with  internal  body 
seal;  two-bolt  packing  adjustment;  ANSI  end-to-end 
dimensions  and  vented  ball. 

All  Watts  Chlorine  Service  ball  valves  are  cleaned 
and  packaged  in  accordance  with  Chlorine  Institute 
Recommendations. 

These  valves  also  include  standard  locl'ing  device 
and  4-bolt  actuator  mounting  pad  for  ease  of  auto¬ 
mation.  Body  material  is  ASTM  A-216  Grade  WCB. 


ANSI  ISO  lb.  conftguntioii 

Multiple  Chtvron  Stvli  Sttm  Packini 

2-8ah  picking  tdiustnitiit  itilatn 
mm  picking  from  hindli/mm 
rooition 

Intirnil  body  ml  iniurtt  ind 
plug  ritintion  tbriidi  an  itulitid 
from  eorrotfwis 

Standard  Monil  Call  and  Stdiu 

Clianad  in  accordanci  with 
Chlorina  Intlituta  Ricnmmandacians 


□ 


Owniii  dianwttr  ttam  to  privant 
tonioMl  InHun 

Foil  ANSI  wall  thickaasm 

Vntad  ball  prtvants  laat  daniagi 
during  rapid  ball  chambar  pranaia 
ckanp 

4-balt  actuator  maunting  pad 

Optimal  aval  bandit  available 
an  X"- 1  ”  titti 

Multipit  trim  matttialt  availaUt 

All  vaivti  tialtd  and  aiarkad 
"For  Chlorint  Sarvica” 


PERFORMANCE  DATA 


VALVE  SEAT  RATING 


SPECIFICATIONS 


Sill 

CV 

Opaiatiui  Torgw 

Iln.-Lbi.) 

X' 

lb 

EO 

It*’ 

Z6 

90 

r* 

40 

ISO 

IX" 

00 

260 

Z" 

ISO 

360 

ZX" 

290 

434 

r 

430 

608 

4*' 

6BD 

730 

—SI.. 

SPECIFICATIONS 


Approved  valves  shall  meet  A.N.S.1.  H16.34  and  dard  virgm  PTFE  teats,  multiple  stem  packing  and 
Chlorme  Institute  PatnphJct  6  requirements.  Valve  unibody  construction.  Watts  No.  CL-Fl 500  or  equal, 
is  a  unidirectional  ball  valve  with  vented  ball,  sian 
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PRtNTfD  IN  U.S.A 
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“T”  VENT 


KNAPPCO'S  “T"  type  vent,  with  standard  tapered  pips  tl'reads  is  suitable  for  venting 
undergiound  and  above  ground  storage  tanks. 

The  unit  is  made  of  aluminum  and  both  of  the  openings  are  equipped  with  perforated 
brass  screens  wnich  are  held  securely  in  place. 

VE  0012  — 1" 

VE  0013  —  1%" 

VE0014  —  IVi" 

VE  0015  ~  2" 


MUSHROOM  VENT 


The  KNAPPCO  Mushroom  Vent  is  made  of  aluminum  with  standard  tapered  pipe 
threads. 

The  unit  has  a  perforated  brass  outlet  screen  with  a  full  venting  area. 

VE  0016  —  ivy 

VE0017  —  2" 
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VE  0005  VENT 


The  VE  0005  Vent  is  a  newly  designed,  pressure  vacuum,  rollover  protection  system 
which  meets  the  most  stringent  field  requirements.  (Patent  No,  4,593,711.)  The 
design  eliminates  accidential  venting  caused  by  road  bounce  and  eliminates 
leakage  due  to  surge. 

This  Vent  relieves  pressure  at  1  PSI  and  vacuum  at  6  ounces  per  sq.  inch  and 
provides  complete  rollover  protection  from  0  to  180  degrees. 

The  KNAPPCQ  VE  0005  Vent  is  designed  for  easy  cleaning  and  maintenance. 
Replacement  parts  and  gaskets  are  available. 

Relief  capabilities  of  KNAPPCO  2700  Vent; 

Intake  -  1243  CFH  @  1  PSI 
Exhaust  ~  3348  CFH  @  3  PSI 

Thread  size;  1%  —  12  N 


J.inu«ry,  198/ 


KNAPPCO  —  KANSAS  CITY,  MISSOURI  64150 

4304  Mattox  Road  Telephone:816-741-6S00 
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REFERRALS 

OESCRIFTITN 

STEEL  ALUMINUM  PLATED 

304  SS  316  SS 

OTHER 

1 

2701 

Retainer 

2720 

aosura,  Eni 

2709 

Ball 

2721 

Actuator 

2707 

Qaakat 

2710 

■mraniHH 

2718 

8 

Poppat 

2711 

9 

Qaaket 

27.19 

10 

Retalnar 

2713 

11 

Screw  10  -  32  k  H 

2716 

12 

Seat  Vaiva 

2703 

13 

BuMa 

2704 

14 

Gaakot 

2712 

15 

Retainer 

2713 

16 

Nut  10-32 

.3544 

17 

Spring 

2705 

18 

Waaher 

2708 

19 

»714 

20 

Gaaket 

3455 

Nut.  H«ii: 


22 


Ring,  Snap 


4144 


2715 


PVW 

OPEN  LOOP  PUMPS 


The  industries  largest  control  selection 

■  23  different  types 

■  Field  intercha^bliity  willout  discon¬ 
necting  from  drive  or  system  piping 


Cylinder  mounted  polymerous  journal 
bearings 

•  Allows  operation  with  low  viscosity  or 
other  special  ffuids 

■  Provides  inffnite  bearing  tile 

■  Provides  compact  design 


I 


SA£  lieyed  or  SAc  sptined  shaft 
a  Heavy  duty  belt  drive  shafts 
available 


Sealed  iront  shall  bearings 
a  Allows  operalion  with  low  viscosity  or 
other  special  fluids 
■  Allows  side  loading 


-  I 


•iStfr 


CONTENTS 

Item  Pao«  No. 

Features  and  Benetils . 2 

Specilications . * 

Controls-Pressure .  6-7 

Volume . 7-9 

Beclronic .  9 

Pump  Combinations . '0 

Size  end  Weighls . '2 

Pertormance  Curves . lA 

Sound  Curves .  '8 

Mounting  Brackets . 20 

Adapters  and  Couplings  21 

How  to  Order .  22 


Swashblock  and  siddle  with  special 
polymerous  bearings 
•  Allows  running  on  low  viscosity  or  offier 
special  IKiids 

■  Permits  consistent  conkol  roacton 
a  Eliminatas  trouplesoma  yoke  bearings 
a  Provides  long  Ills 


Steel  shoes  with  spedatly  Healed  laces 
A  lor  increased  fluid  retention,  njnning  on 
hardened  swashblock  surface, 
a  Allows  a  higher  degree  olpontaminale 
resistance  • 

a  Allows  higher  pressure  operation  with 
loTig  Ufa 

e  Allows  operation  with  low  viscosity  or  -- 
other  special  fluids 
a  provides  longer  life 


e  ig90-T>^  Qiiqir  t*  r^/m 
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l»EFi;iFORI^^NCE 
ASSURANCE  IS 
STANDARD  WITH  EVERY 
OILGEARPUMP 


Hardened  cylinder  surface  running  on 
hardened  valve  plate  ("hard-on-nard") 
k  •  Provides  grtiator  resisttnce  to 
f  j.  contamination  „■ 

Z*  Provides  longer  life 

Allows  operation  with  low  viscosity  or 
■  '  •  ■  other  special  fluids 


OVatva  plate  selections  . . 

•  Rear  or  side  port  connections  available 


Each  Oilgsni  Pump  manufactured  is  shipped  with  a 
corpt/ale  oomnnitment  to  stay  with  the  insulation  until 
the  unit  performs  as  specified. 

This  total  rindication  to  perforrnanne  is  based 
upon  experience  gained  since  t^i  in  matching  fluid 
pa'ier  systems  to  a  tremendous  range  ol  machines 
and  applications. 

Oilgear's  Pertcrmanco  Assurance  is  made  possible 
because  ol  the  many  hydraulic  techniques  learned  over 
the  years  In  supplying  machinery  buHders  and  users 
.  with  unique  solutions  to  huixlreds  ol  unusual  fluid 
power  problems. 

Historically,  Oilgear  has  concenirated  all  ol  its 
energies  on  hydraulic  equipment  and  systems.  Every 
Oilgear  facility  is  stalted  with  factory  I'ained  twid  field 
experienced  application  engineers.  These  m-sn  are 
baetted  by  a  headquarters  engineering  staff  who  has 
access  to  Uie  records  and  knowteoge  generated  from 
Iheite  nistorically  successful  sotuiions. 

■  Pertortnance  Assurance  doesn't  stop  with  the  design 
of  Ih*  system  or  the  sale  of  a  cornponenl.  It  guarantees 
that  Oilgear  engineers  will  be  ihere-when  they  are 
needed-supplying  lha  educaiion,  field  service,  parts  and 
repaw,  to  make  sure  each  system  runs  smootniy-ai  icl 
keeps  on  running. 


o 


Thru-Shaft  availability 
»  Allows  lor  multiple  pump  installation 
from  a  single  drive  shah 
■  Allows  pumps  to  drive  auxiliary  devices 


Three  frame  sdea  with  seven  capaoty 
—  ranges  alioviing  greater  flexibility  to 
selectively  match  pressure  and  capacity. 
•  Low  llcrw/tiigh  presave  to  low  prcss.ire/ 
high  flow  from  the  same  frame  stias. 
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Hydreunc  Motors 

OMP.  OMPW,  OMPA  and  OMPAW 


"H_4gU/ 

■ndUhsii 


t 


^ri)  ^  c— 4=- 


r«<ax.  |jl!|0(nntii(l^*<nom«nt 

M«X.  lignlAfllRQ  COtQtiC 

Max.  Aivrugsfrofj;«n. 

CoL'pJ*  £Jff 

X 

V _ J 

PoriiXf\jniry 

Scrif  ttO  conn#c<*on 
V«rsr?ifa'.*Uung 

R^ctOfd 

'>n(i 

v.espf 

R  . 

G  •'•. 

IJNF 

■..  nri 

■v  05PF 

R’-i 

G  •> 

VIAUNF 

mod  *lllsk'«a 
with  tlMlwaonff 
'Tt'i  StahPsc^tftps 
*'\X  <0r>l3*ll##r» 

*  dttNni 

(350  IW  tfO 

■•SdaNrn 

(H'Oibtin) 

mad  aiumip'umtakivf- 
»'ith  #iummtum  w«(v«r 
mi(  AJuintniumscrNfida 
tt  vr  rpndpit*  en  NluminiMm 

3  (jAiNm 
s?7i)  Id!  tn) 

7  daNm 
(€20  lb'  in) 

m«d  tfkAtrrKant 
wktn  (Tuning  «dga 
m;t  DichiMnia 
»r*nr,hanif 

I"  - - 1 

4  d«:*^fri 
(350  Iht  MV) 

13  dftNm 
(tIMIbf  Jrti 

fnod  o-!  ing 
with  d-nrg 
mil  0'5Hir:p 
ffirttc,  iOint  tC-nou» 

2(?aNm 
(ia0  Ibf  ihi 
(IflO  ir-JOs] 

9  dxNm 
v7V5  )bt  mi 
(?«5  m-ib«) 

Nin.B^.ai  ‘‘•\95w> 
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isiRmi 


Cod4)  cK(mt>»ru  aitd  wvIgKt 


OMPW 

OMPOO 

OMPlOO 

OMP  leo 

OMP200 

OMr’2SO 

CMP31S 

OMf>400 

Baa* 

block* 

Motor  with  Li^L 

eytindricaJ  fthavt  ^  n-m», 

1S1-OOQO 

151-0C01 

ist-ooo:. 

1S1-0Q04 

1S1-004I 

i9i-«wa 

BC-ISl 

151-1100 

iwiiy^ 

1 _  _ 

15H102S 

1St-0Q2fl 

ISESSSi 

1S1<t03f 

151  <<1049 

15t-£i03a 

151-111X1 

tsitms 
_ 1 

IS1>0GU 

BS&il 

:ili|«33S 

ISI-OOM 

181-00*) 

1S1-00£4 

151-1100 

¥/a>Qht  (tb) 

12.3 

12.5 

13.« 

i*.t 

14  9 

15.2 

MBEW 

3.3 

*  Quo  Mock  tof  6mP*/6mH.  Mourtfiti^  Mt  met. 


T«chnic)it  dM» 

UK^^JnUs 


_ 

OMt»lOO 

OMP100 

OMP200 

OMP2M 

OMP319 

OMP40C 

Gaomat/rc  diapUicamani 

(.!.>) 

2.98 

5.»4 

9.50 

11.97 

14.75 

1B.67 

23.75 

Max.  aptad 

(f/mint 

COAL 

,  .,<!! ..  ■  .  ■: 

•-  WO . 

BC3H 

'  BOO  ■ 

-74W  •- 

■  310 

ISO 

309 

190 

mt.'j 

1000 

KSMl 

750 

SOU 

390 

310 

255 

2U0 

coot. 

'»  630  . 

low 

-1750  *'■ 

2100 

2300 

23Ctl 

Mux.  torcu* 

(ibf  In) 

ini ') 

T50 

BS3HI 

1900 

2300 

3000 

3300 

3300 

3400 

p-***) 

1200 

1900 

2400 

3W0 

4500 

4900 

9300 

5300 

Max.  ojtput 

(Up) 

CC»t^. 

.  7  • 

8 

■  9JS-- 

"TTS;*!  • 

'  -  a 

89 

9.S 

4 

int.') 

9 

12 

13.9 

13.5 

12 

1C,5 

0 

7 

Kna 

tmm 

1460 

1450 

1450  ■ 

1490  *•. 

1450 

1400 

1000 

900 

mm 

2000 

2000 

2000 

20C0 

2000 

1900 

1490 

t15U 

3300 

3300 

3300 

35100 

3300 

2600 

2300 

1800 

cont 

■■■■■ 

9.9 

MKi  ' 

I3jJ*  : 

'•<13.9  .• 

■*  13.2 

132 

18.2 

13.2 

int.’) 

11  0 

10.9 

19  5 

19.5 

19.5 

16.5 

16.5 

IC.S 

cont 

7000 

2000  - 

2000  «  > 

2ooo:-; 

2000 

2000 

2000 

2000 

Mav.  miat  pT*«aum 

Obf/ln*) 

ml.’) 

2500 

2500 

2500 

2900 

2500 

2900 

2500 

2900 

otak*| 

3300 

xwo 

KEZSB 

31U0 

3300 

WOO 

3300 

3300 

v' 

r/mfn 

1100-’ 

•  1100  -  ■ 

EBCSSS 

v.-oo^' 

•1100 

liw 

1100- 

1100 

(wilbcxildraiiitinaH 

(ibiAftO 

10B-300  r/nAn 

•  725 

725 

mm 

■':72$ 

7JS  . 

755 

725  ~ 

729 

or 

Max.  prvaaurt  tn  draivi  lint 

iBi.i'raa 

'■  3»’  ■ 

'■389 

‘■■395 

.  365 

3^5 

389 

3G9  ■ 

int.'l 

0-max.  r/min 

noo 

1100 

1100 

1100 

ilob 

tlOO 

110O 

1100 

IE31 

IHHHIHI 

200P 

2000  ' 

2000  ' 

7000  ' 

2000 

»lC4 

2000 

7000 

■OBI 

■■■■I 

2500 

3500 

2500 

2500 

2900 

2500 

2900 

3300 

3300 

3300 

3300 

|gQ|B|| 

EgU 

3300 

3300 

Max.  naming  prtaaura 
with  unioadod  fbatt 

(Ibl/tn'l 

1&0 

150 

150 

100 

_ 1 

75 

75 

Min.  starting  fordut 

(tbfirt) 

at  max.  prtaa.  drop 

cont 

440 

760 

975  ' 

3000 

2300 

2700 

2300 

at  max.  praa*.  diTp 

int. 

1050 

1400 

2200 

3200 

3200 

3300 

')  lnMrmill«ni  optratiun:  lh«  parmintibl*  valuM  mty  occur  for  mux.  10%  Otawry  minut«. 

*)  Peak  toad’  the  ptrm<aa<6ta  valuta  may  occur  for  max.  l%of  avaiy  mmuit.  act  'Contmuoua  ootrattofUinttrmitttnl  operatioo/paak  load",  past 
*)  Th«  praasurt  on  the  anafi  atal  ia  calcuialtd  aa  tht  c><«ray«  petwtto  mitt  and  roturn  praaauraa: 

P.  ^P, 


“T” 

iSaa  Max.prtaaurtoofhtshaflMal'.pa^Tf. 


Pnfawtrnf  los4  curvet  forOenhsa  hyOrwIiC 
tnotorx  can  be  found  on  p»ge  ?4. 


OMF  moton  na»t  no 
lyuiJt’in  chect:  vMtvea*} 


Funcvtan  diagrama 


The  following  function  diagrams  am  for  use  as 
deschlMd  ir.  the  section  'Salaction  of  nydraulio 
motor",  page  C5. 


Tha  diagrams  apply  to  mineral  based  hydraulic 
oil  with  a  viscosity  of  35  cSt  and  a  temperature  of 
5<rc. 
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Needle  Valves 

Series  MV 


Colorflow  Series  MV  and  MV6 
Needle  Valves  and  Throttling  Valves 

Thesa  hlQh-prtcIsion  maiaririQ  and  ahutott  vaivaa 
allow  axtramoly  cloaa  control  o<  fluida  uaad  in 
actuating  and  govarntng  many  typea  of  mach- 
anisms  and  aquipment.  Exclualva  "Colorflow" 
acala  on  the  vaiva  atam  aimpiillaa  raturnlng  ttia 
valve  to  a  pravloua  aatiing,  conaervaa  time  lost  In 
hunting  for  this  aatting.  Bi'dIractional  flow. 

One  standard  and  two  optional  nasdia  designs  for 
the  V8*  and  1/4*  MV  valves  permit  a  wide  range  of 
flow-rate  control. 

Series  MV  Valves  are  offered  in  brass  or  steel. 
Needlea  are  stainless  steel.  Choice  of  angle  or 
In-line  designs  and  all  standard  port  connections. 

Maximum  operating  pressure; 

Steel;  5000  PSI  (345  Bar)  (or  Models  MV20O 
through  MV1220;  3000  PSI  (210  Bar)  for  Models 
MV1600  and  MVBF  1600-3200. 

Brass:  2000  PSI  (140  Bar) 

Needles: 

Standard,  all  models:  30*  taper,  Optional.  MV200 
and  MV400  only:  Oash  2:  Fine. 

QaahS:  Micro-fine. 


Quick  Ref«renct  Data  Chart 


Model 

Number 

Port 

Slie, In. 
NPTF 

Flow, 

Mex. 

QpMfuee 

Pieieuro 

St  Mex.  Flow 
PSl(Ber) 

Ortlice 

Aree,  Ini 

Full  Open 

Fedor 

MV200 

1/a 

3(11) 

200(14) 

0  0107 

0.244 

MV200-2 

1/8 

18(7) 

200(14) 

.0061 

.121 

MV200-3 

1/8 

0.8(2) 

200(14) 

.0014 

.032 

MV400 

MVe20 

V4 

5(18) 

130(9) 

.0216 

.493 

MV400-2 

1/4 

2.8(11) 

200(14) 

0081 

.186 

MV400-J 

ir4 

0.5(2) 

200(14) 

.0017 

.039 

MV600 

MVB20  • 

VS 

8(30) 

35(2.5) 

.0587 

1.294 

MV800 

MV1020 

1/2 

15(87) 

48(3) 

.0845 

1.930 

MVt200 

MV  1230 

3.’4 

28  (8S 

52(4) 

.140 

3205 

MVtSOO 

1 

40(181) 

98(7) 

1875 

3.829 

Mvsnsoo 

f 

88(24^ 

100(7) 

0.308 

7,0 

MVBF2400 

1.1(2 

230(871) 

100(7) 

o.oei 

22.0 

MV8F3200 

2*" 

300(1138) 

05(5) 

1.51 

350 

■CoMt  Ouaie  AectpwnM-StMi, 

* '  MicNneS  tor  am  ftartga 


For  additional  Information  —  call  your 
Parker  Sales  Office  (sea  Hating  on  page  VI). 


nCNSOlO  vaiwo 

Series  MV 


maiauBSM 
msmgsmr- 
iiagif^ii 

/iSSIMralK' _ 

^gsgagggaa 


H>«rtg»icOH 
tOOtSU  lA  rnim 


M  2J  41  M  M  IS  M  110 
lrmwiE»a» 


1.4  11  4.1  II  M  U  M  iIjO 

Pm^om 


HydrMilIc  Valv*  Olvifkm 
Elyria,  Ohio  44035 


-^aNrfder 
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LEVEL  AND 
TEMPERATURE 
SWITCHES 
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_ LEVEL  «»WITCW _ 

HIGHEST  PERFORMANCE  RATING 


THE  "LH"  SERIES  LEVEL  SWITCHES  WILL  CONTINUOUSLY 
CARRY  5.0  AMPS  AND  WILL  SWITCH  UP  TO  ><5.0  AMPS. 

—  RELAYS  CAN  BE  ELIMINATED  IN  MANY  INSTANCES  - 


-  VOLTAGE 

-  BREAKDOWN 

-  CAPACITANCE 

-  INSULATION  RESISTANCE 

-  INITIAL  CONTACT 
RESISTANCE 


5  TO  240  VAC,  DC 
400  VKM5  MIN. 

1.0  PICOFARAD 
1X10  OHMS 
500  MILLPHMS 


-  LEVEL  SENSITIVITY  -  -.050 

-  OPERATING  PRESSURE  -  50  PSl  MAX. 

-  FLUIO  COMPATIBILITIES  -  ANY  FLUID  CEXCEPT 

STRONG  HYDROCARBON  SOLVENTS) 

-  FAIL  SAFE  -  UNIT  WILL  OPERATE 

CONTINUOUSLY  IN  FREE  AIR  WITH 
NO  DAMAGE 

-  SWITCH  MODE  -  LH-0X3  NORMALLY  OPEN 

(FLOAT  UP) 

LH-012  NORMALLY  CLOSED 
(FLOAT  UP) 

-  MOUNTING  -  1/4  NPT  THROUGH  TOP  OR 

BOTTOM  IN  VERTICAL  POSITIONS 


XWHEN  SWITCHING  EXCESSIVE  HIGH  INDUCTIVE  AND  LAMP 
LOADS  CONSULT  FACTORY  FOR  PROPER  RECOMMENDATIONS 
AND/OR  TESTING  THE  COMPATABI LITY  OF  COMPONENTS. 


GRaNtUMP.) 

‘WHITE  (COMMONI 
^0  (LEVEL) 


TEMPERATURE  CONTROL 


6  l?nv.  4  •  ^«0VAC-DC  -  NON  INDUCTIVE 

FOR  QATlNtiS  UP  TO  SO  AND  SOOO  F;«I.  CONTACT  FACTORY 

U  1.  AtCOCnUED,  flit  tOTUl  CONRnNENT.TCHRgPATufiE  AND  RfCUuAnNC 
CONTROL-  CVA  LISTPiOl.  PRC  “iNDUJTRIAi  CONTROL  CQuIPNCNT  - 

hOTOa  CONTROltERS  •  HISCEllANLOUS" 

MODEL  NO.  72?-4  .  1/4  NPT»  |RAS$.  NORM. CLOSED 

MODEL  NO.  T23-4  -  1/4  NP'’.  IRASS,  RORM.QREN 

TEMR.SETTINCS  are  35  C  (95  F)  TO  111  C  (239  E)  iN  5  C  INCREMENTS 
FOR  other  T!H!>  SETTINOS  FROM  SR  f  TO  310  f  AND  FOR  2  OR  3  SNITCHES 
lA  A  SINGLE  \/7  NPT  MOJJSINI  •  CONTACT  FACTORY 
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TEMPERATURE  &  LEVEL  SENSOR 

“NEW”  HIGHER  RATING 


"LEVEL"  CONTACT  RATING  -  NON  INPv’CTlVE 

CARRY  -  3.0  AMPS  MAX.  @  HO  VAC  -  DC 

300  WATTS  0  no  VAC  -  DC 
BREAK  -  1.1  AMP  MAX.  0  110  VAC  -  DC 

3.0  AMPS  ON  MODELS  "LH" 
VOLTAGE  -  5  V  TO  220  VAC  OR  DC 


"TEMPERATURE"  CONTACT  RATING  -  NON  INDUCTIVE 
NORMALLY  OPEN  OR  CLOSED 


CARRY 

MAKE  OR  9RE.AK 
AUTO  RE-SET 
TEMP. SETTINGS 

TEMP. OPTION 
"LL"  OPTION 


12  AMPS 
6  AMPS 
WITH  3  C. 

35  C.  C95  E.)  TO  115  C.  C239E.) 
IN  5  C.  INCREMENTS 
TO  TURN  ON  A  "HEATER"  IN  COLD 
WEATHER  USE  C5  C.,)  38  F. 

SETTING 


FOR  SEPARATE  INDICATION  OF  "TEMPERATURE"  AND 
"LEVEL"  CONNECT  WIRES  IN  PARALLEL  AS  SHOWN. 

FOR  SINGLE  INDICATION  OF  BOTH  "TEMPERATURE"  AND, 
"LEVEL'S  CONNECT  IN  SERIES  AS  SHOWN. 


in:icator.  st.arter  coil,  etc 


Wh.  Common 


Level 


■ —  Neon  Bui  b 


LIGHT.  BUZZER  OR  RELAY,  ETCt 


Hh .  Common 


Neon  will  ligM  when  switch  opens 


Wh.  Common 


TL-008  NORM.  CLOSED.  FLOAT  "UP" 


APPROVED  PURIFICATION  CORP.,  6PB  ATLANTIC  STREET.  STAMFORD,  CT.  069C2,  203-357-P141 
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BiLACKME»  POWER  PUMPS 

INsSTAl-LAHON.  OPEHAnON,  AND  MAINTENANCE  INSTRUCTIONS 

MODELS!  QX,  QXS,  X,  XS 
2,  2Vk,  3,  4 

(Includes  Model  XU2) 


_ WABMINO _ 

TMS  PMOUCr  MUST  CMUT  M  msnLUU!  IN 
SVSTSMS  WMCH  HAVI  BON  BBSIONBD  ST 
TNOSS  OUAUSnO  TO  BNOINim  SUCH 
tVSTSMS.  THE  STSTSM  MUST  Bt  IN  ACCOR- 
OANCI  WITH  AU.  ABPUCABU  RBOUtA- 
THINS  AND  SAKTY  COBBS  ANC  MAIM  OF  ANY 
NAZABOS  UNIOUl  TO  TNI  FARTICUIJIR 
SYSTUA 


9602^0 

..Hite 


S«cMn 

ENsctive 

Rsptacet 


100 

Nownber  1988 
M«y  1982 


flNSTAUATION 


CLEANING  PRECAUTIONS 

New  tinlu  require  ctreftil  deininc  to  fenxne  weld  ^plaoer,  lUg, 
Kale  and  other  foreign  tiuner  befOit  filling  with  liquid.  Suction 
pipes  ftotn  the  tank  to  the  pump  should  be  flushed  before  being 
attached  to  die  pump. 

tXICATION 

Locale  the  pump  as  near  die  source  of  supply  as  possible  to  reduce 
detrimental  inlet  pipe  frictton.  A  solid  foundatian  reduces  vibra¬ 
tion  and  noiK  and  improves  the  pump  performance.  On  petma- 
nem  insiallKions  it  is  recommended  that  the  pumping  units  be 
seeurely  hotted  to  a  concrete  foundation. 


FOUNDATION 

When  new  ptinp  foundatuns  are  to  be  cast  in  conciele,  it  is  sug¬ 
gested  that  anchor  boils  of  the  type  shown  in  Fig.  1  be  set  into 
tfte  concrete. 

This  type  of  anchor  bolt  allows  for  sli^t  shifting  of  position  to 
better  line  up  with  the  mounting  holes  in  the  base  pline.  When 
(lumps  are  to  be  located  on  existing  concrete  floors,  holes  should 
lie  drilled  into  the  concrete  and  foimd^on  bolts  anchored  dierein. 


When  tnsulling  units  bu0l  on  channel  or  strucivtal  steel  type 
bases,  care  should  be  taken  that  the  base  is  no'l  twisted  out  of 


shape  when  anchor  bolts  are  lightened.  Shims  should  be  used 
undei  the  edges  of  the  base  prior  to  tighlening  of  the  anchor  bolts 
to  prevent  distoition. 


nnNG 

Marry  pump  synems  deliver  at  a  rate  below  the  desiptaied  capac¬ 
ity  of  the  pump  because  rite  system  was  improperly  piped.  Before 
inMaUing  any  pipii^.  a  octipleie  piptiig  diagram  should  be  made, 
and  pipe  friction,  suctian  Uft,  dischaige  h^.  vacuum  and  total 
pressure  on  the  pump  should  be  cooipuied  for  the  specific  liquid 
being  bandied,  and  the  desired  flow  me.  Without  dtese  compu- 
talioas  it  is  almost  impossible  to  determine  beforehand  whether 
a  pumping  installaticm  will  work  pioperly. 

Restiiciions  in  the  pipe  line,  such  as  dbowr,  ohaip  bends,  globe 
valves,  cenain  restrictive-iype  plug  valves  and  undersized 
strainers,  should  be  avoided.  U»  gale  or  ball  valves,  not  globe 
valves.  The  inkt  line  should  be  at  least  as  large  b  the  intake 
port,  and  as  straight  as  prachcal.  It  should  slo^  downward  to 
the  punip,  never  upward  or  with  upstanding  loops.  Use  pipe  of 
adequate  size  and  strength  that  has  been  thoraughiy  flushed  prior 
to  being  connecled  to  the  pump.  Expansion  joints,  placed  at  a 
minimum  of  three  feet  (0.91  meters)  away  firm  the  pump,  will 
compensate  for  expansion  and  contrecUon. 

It  is  very  important  that  there  be  no  air  leaks  in  the  intake  line. 
If  practical  to  do  so,  tpfiy  air  pressure  to  the  completed  p^ 
line  to  check  for  lesks. 

The  UK  of  check  vslves  or  foot  valves  in  the  supply  Bulk  is  gener¬ 
ally  not  recommended  with  a  self-priming,  po^ve  tbsplacemenl 
pump  and  can  often  cauxoonsideribletioiMe.  If  a  valve  in  the 
diKhorge  line  is  closed  whBe  the  punqi  is  apeiBing  it  forces  liq¬ 
uid  to  lecirculaK  through  the  pressure  rriief  valve  causing  the 
liquid  to  best  up  ind  exptnd.  A  check  valve  in  the  suetkm  line 
prevents  the  exfianding  liquid  from  returning  to  the  supply  tank, 
causing  a  build-up  of  pressure  on  the  pump  and  in  the  piping 
sytum.  The  result  can  be  excessive  letkage  at  the  pump  or  at 
ibe  pipe  joinu.  If  a  check  valve  is  requited,  locate  it  near  the 
pump  on  the  discharge  side  only. 
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^Available  for  XS  Modsu  only.  “  Pans  iHKivdcd  in  I*u>»p  Repair  Kit-  #  Parts  Indwled  in  Gasket  Repair  Kii. 

Nolat  Vitoa  and  Teflon  are  Rtgittarad  Trademarks  of  E.1.  Difl'ont. 

Ncac!  An  X(S)3  Model  cun  be  Bpgradod  to  an  X(S)M  Mode)  by  repbewg  the  Rwoa  A  Sheit  (Rtf.  m  13).  the  Bearing  (Ref.  No.  24),:&i»d  the  Macbanic' 
Seal  (Ref  No  153)'-Biust  be  repbred  as  a  group 
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iBriMA 


STRAINEW 

A  MMtiet  is  inoowneiKW  to  pr«eet  Ihe  pump  ftwn  dinwgi 
by  foreign  .CMlictes.  GeivcraUy.  ihe  sirainer  should  be  snsticlkd 
in  the  inlet  line,  dtse  to  the  pump,  tmi  fhewld  h«we  t  nes  open 
lire*  ,il  le lit  foi  ir  times  tlie  «rMi  i,lzr  of  the  pump  intake  pipe. . 
Poe  nwiie  s;w:ifir  spplicoiiaits.  refer  to  the  tnmufiKJvffer's  tecom- 
ntetidation  for  presses  instnllstiwi  and  sauig  of  the  atniner.  llyt 
,«rain.r  should  H  ii.speaoi  aitd  denned  at  legoiai  intutvais. 


AAJQNMHNT 

The  iKgiunent  of  the  motor,  the  gear  mduter,  and  the  pump  is 
often  disn  rhed  in  tremi;  and  mast  be  checked  before  the  unit 
is  put  into  opreation. 


Check  the  aiifpwmsii  of  tlte  pspet  to  the  iisuvnp  w  avoid  litisini 
which  mjgla  Inter  c«um  ttwodiiinKie™.  To  cheek,  unbult  &«*«* 
or  hswik  omen  jninis.  ftpet  iikiM  not  ifiritig  anay  or  dKJfj  dosvn. 
After  ptsnsps  have  bo  .s  in  operation  ftr  a  wirsk  tij-  two,  ctwi' 
pletely  rccheck  alignmati*. 


«!5;A)R  ftEOUCER  h-UQWMEM^r  —  OXl[S)  TOLY 

Tiie  rediuter  can  be  rotated  on  its  muuning  to  rsise  or  lower  the 
input  shaft  m>  fiKiliuite  alsgnnent  to  tnt»s  shaft.  Hi*t,  .loosen 
the  four  clan^p  caotcrewi  nd  two  fttsoews  in  the  ^oi  flange. 
Tfw  roduOT  is  then  free  so  rotate.  If  it  sticlu,  tap  it  with  a  .nal- 
let.  To  align  the  re.lucet ,  check  the  alignitient  of  the  two  halves 
of  die  coupling. 


On  imits  where  flexible  couplings  are  used,  the  coupling  guard 
should  be  removed  and  a  aiiaight  otte  laid  acrow  the  two  hubs 
of  me  eouplmg,  as  shoivn  in  Fig.  2.  The  maximum  offset  should 
be  less  man  .01.5’ (0.381mm). 


ROTATION 

On  the  X(S)  pumps,  a  rigfX'hand  pungi  rotatei  clockwise  with 
the  intake  on  the  nghv  $i.le  when  vieu^  from  the  driven  cssd. 


STftAICHY  tOGZ 


On  the  GX(S>  pumps,  a  rigM-hnai  pump  also  males  cfockwue 
with  the  inukc  on  the  right  side  when  viewed  ftsooi  the  driven 
end.  However,  due  to  the  gear  reducer,  the  reducer  inpiH  shaft 
will  rotcie  counterelockwise. 


MISALIGNED  MISALIGNED  CORRECT 

ALIGNMENT 

Fig.  2  —  Alignni,xu  Check 

Wkh  a  fbeW  gauge,  or  piece  of  flat  steel  of  prvper  ihictiess, 
check  the  angular  aligntncnt  of  the  cixipUng  halves.  Check  in 
four  places  at  TO  degree  increnMaMs  ibcwt  the  per.jhety  of  tSsi 
coupling.  Maxiinuin  viiiatiao  in  this  spscing  ihceild  nos  exceed 
.020’ (O.SOSiran).  MiiAlignmenl  is  not  desirable.  If  it  dees  exist, 
it  mould  nos  exceed  the  teiove  limits. 


TO  REVERSE  RUMP  ROTATION 

On  X(S)  pumps,  lemove  the  head  Ihm  the  shaft  sale  ani  reverse 
the  nicor  and  siiaft  so  that  the  shaft  piotriMtes  through  the  head 
atiJI  on  th*  eyfinder.  On  CX(S)  psingw,  both  heads  sttocld  be 
removed,  anti  the  q'iinde’  reversed. 

On  both  the  X{S)  and  the  GX(S)  pvnps,  the  vanec  must  niso 
rewetseii  in  their  ikict  ixt  ifi«  the  piesaut  rdief  grooves  fiiee 
in  the  diieciion  of  rotation.  The  rounded  or  weaning  edge  of  die 
vBites  must  be  outward  »  conwact  the  bore  of  she  cylinKr.  See 
“Mabtensnre’  for  remoi-al  and  lepiacenicM  of  the  ptimp  puts. 


OPERATION 


PUMP  PERFORMANCE  CHECK 

II  is  usually  ifcsinbie  to  make  a  runnuig  dwek  of  a  purofiing 
lysaem  before  pintiog  ,ii  iiao  operatioii.  The  main  poioij  to  dlMc,k 
include:  general  operation  of  the  syskm,  leakage  from  pipiiig 
sivl  etpiipment,  direction  of  puraji  rowjon,  proper  pump  speed, 
noise  level  of  the  pomp,  pumping  me.  and  chut-oflf  pressure. 

Whenever  a  new  pump  is  fust  staited,  it  siKiuld  be  wslchod  care¬ 
fully  for  several  hours  md  checked  for  signs  of  malfunction. 

If  the  pump  s  abnomudiy  noisy,  fbUow  the  ctieckiiig  procedures 
outline  under  "Pump  TixwHet  and  Their  Cures," 


RUNNING  PUMP  IN  REVERSE 

It  is  sometimes  desirable  to  reverse  the  pump  for  draining  a  line, 
The  pump  is  satisfactory  for  this  type  of  operadosj  if  s  sepanae 
pre$.ture  relief  valve  •$  inovidcd  to  protect  the  pump  ftom  exces¬ 
sive  pressures.  WTien  pumping  backwards  against  s  possible 


doiied  valve,  opention  in  reveise  may  caute  on  inaesiK!  in  hoes* 
and  vibrat^xi. 


FLUSHING  THE  PUMP 

Liquids  which  soikhlV  wtjtn  txild  or  whsch  miglB  taterwise  dam¬ 
age  the  pump  after  p.-doigpiid  contact  ilioiild  be  fiiiilied  <««, 

Diain  thr;  pump  uid  linre  by  .pumping  air.  Then  pwnp  Bushini 
liquid  to  suitably  clean  the  pump.  Ouse  die  disiAarge  linn  for 
30  second  iiaervals  (maximum)  while  pumping.  This  should  'je 
done  a  few  times  to  flush  out  the  relief  valve. 


RELIEF  VALVE 

Tiie  pressure  setting  or  range  for  which  Use  relief  valve  is  set, 
is  marked  on  a  mttid  tag  anKbed  to  the  relief  valve  cover.  The 
relief  valve  should  nonraliy  be  set  1.5  psi  (100  kPe)  higher  U»n 
the  operating  pressure 


T 


,  1  ■  . 


s  r  -  'Y*  I 


To  int-mtse  tte  pressure  seeing,  lemow.  the  .Tciief  valve  enj)  ftom 
the  adjusting  H:rcw.  !oaii!ii  &  lockwin  utd  turn  the  adjustuig 
screw  clcclcvnse.  or  inwwd.  To  reduce  tfie  pressure  setting,  turn 
iIk  screw  counterclockwise,  or  otitwarrf.  Springs  for  higher  or 
lower  picssiiTf  settings  are  avaiieble.  (See  individual  pans  lists 
for  tciief  valve  spring  part  numbers.) 


When  pumping  lii)uids  undtr  a  high  six  don  lift  and  esviution 
or  stsjrving  of  dt*  pump  eniifs,  ptuSsI  rwretdatiw.  Ulit)0]{lt  the 
re)j«f  valve  will  result  in  excessive  ttiitit  Si\  the  vaPre,  Witen  h 
is  iiecesiiry  to  operate  under  these  coKlitioris,  a  iiepatiuE  ktypitit 
valve,  piped  bock  to  ih:  storage  bank,  is  lOLXttnmtnded. 
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MAINTINikMCR  ANO  TMOUBU:  SHO&TiiNQ 
MUST  SB  nONl  ST  AN  INIMViiDUAI.  CXPRNi- 
•NCKO  WITH  SlilHie  tiHAfNirSNANCB  AND  THC 
TYPI  OP  SVSTIM  !NV9l,Vlin. 


LU^RSa^THON 

I*utnp  hearings  slioiild  be  lubneattd  every  week  to  every  dire* 
months,  depending  on  the  application,  and  (he  operating  con¬ 
ditions. 

Use  Sutndnrd  0\i  —  AmoUth  All  Weather  Grease,  or  an  equha- 
lem  grease  which  is  compatible  with  the  elastofuers  and  the  sppdi- 
caikai. 

CAUTION  Excessive  greasing  pressore  can  cause  grease  to  be 
pushed  between  the  natdiaiiical  seal  fiicu  causing  seal  failure. 


Eeiore  removing  the  head  assembly,  check  for  burrs  or  rough 
ness  on  the  dtaft  that  cowd  damage  ilte  mechanical  se,al  O-nngs. 
Ilie  Iteac!  assembly,  cotaishng  of  the  liead,  hciad  Oring,  bear¬ 
ing,  aral  mechanical  seal,  can  now  be  removed  fitmi  tlK  cylin¬ 
der.  To  do  so,  remove  the  head  capscrews  and  csuefully  pry  the 
head  away  ftom  tiie  cylinder  with  .n  screw  driver  The  bearing 
and  seal  are  slip  fit  on  the  shaft  and  will  slide  off  readily  if  the 
shaft  is  clean  and  smooth. 

Next,  remove  the  bearing  from  the  head.  After  removing  the 
bearing,  th;  seal  may  be  pressed  or  pried  out  wids  a  lever,  as 
shown  in  Figure  3. 


It  Is  recommendnrl  that  you  remove  the  gtease  relief  fitting,  and 
whh  e  larsd  gun  apply  grease  slowly  to  the  greax  fittings  <m 
both  bearing  oov-isis  until  excess  grease  begins  to  come  frixn  the 
grease  relief  ftaing  port.  Replace  the  grease  relief  fitting.  It  is 
normul  for  some  grease  to  escape  from  slat  tell-tale  holes  under 
the  bearing  Jsousinc  for  a  short  time  after  lultricatton 

Before  starting  tlic  pump,  put  oil  in  the  gear  rerhreer  using  the 
grade  oil  siannped  on  the  instrucuon  plate  attached  to  the  gear 
rase.  Each  teducer  is  provided  writh  an  oil  pipe  plug.  Remove 
this  plug  ant)  till  with  oil.  Couplings  with  nib^r  inserts  tkt  nor 
require  lubi-icalion.  Other  oouplings  ssre  pre-iubricatod  at  the  fre- 
tory,  but  require  frequent  lubrication  to  prevent  excessive  weai'. 


PUMP  DISASSEMBLY 

Before  work  is  started  on  Che  pump,  be  sure  the  pressure  is 
rdAved,  and  the  UquM  is  drained. 

Remove  die  bearing  cover  captscrews  and  slide  the  beanng  cover 
from  the  shaft.  On  the  X(S)  2'  and  2'/i'  pumps,  the  dirt  sliield 
will  come  off  with  the  hearing  cover.  TSw  grease  sea!,  !c<cated 
in  the  bearing  rover  cavity,  will  also  slide  off  with  the  bearing 
cover. 


NOTE:  Tip  of  barfs)  to  be  iioerted  immediately  between  head 
and  seal.  If  piacod  elsewhere,  seal  damage  is  likely  (Fig.  3A;. 


The  Xf.S)  2  Vi ",  and  3  ”  pujn[»  are  .■stsndsrdly  tsgiipped  widi  a 
krkwasher  mid  locknut  inslalkd  outsid:  the  bearing  oti  each  end 
of  the  shaft.  To  lemove  the  bearing  lockmil.  bend  up  the  engaged 
loefcwashtr  ung  and  rotate  the  nut  coun'rrclockwise- 

The  X(S)  4"  pump  is  eqidppeni  with  bearing  lock  ct^ars.  To 
releasf.  the  lock  collar,  remove  the.  jam  nuts  and  loosen  the  two 
(2)  set  screws.  The  toilai  can  rhtn  be  slid  from  the  shaft. 


REPLACING  VANES  ONLY 

Vanes  can  usually  be  reolactd  by  irmoving  only  one  bead,  .und 
sliding  diem  in  or  ouii  of  the  ro«r  etsd.  To  prevent  push  rods 
from  daipping  down  .)  vane  snotild  only  be  removed  when  it 
is  seatss!  in  Its  slot  in  tix:  rotor  (at  the  12  o'clock  poshioti).  Turn 
tlut  shaft  by  hand  unul  a  vane  ctmcv  to  die  12  o'dock  ptMiuim. 


1 


J 


142 


UMWawWMlt-V 


I,  XIWl  t  u(»>  TTitb,  ulS'U  fkMMH.-  <\y  kfw-*vk  «#«•««.  wxji* 

uiRie  th.v,  ^arucaSurt  'Jitif  n)'  r.tw  v»nRi  urc  iii  (jJaw  Te  sure 
to  tnBall  th*  ww  i/*nrs  .-  'ah  th«  ruoi, »tl  o>-  w«uiD;  jdjjt  out- 
waid  to  co(ntj(t  itvi  sutracn  cf  dn  cvlintjer,  mm-  nith  Jbt  relief 
grwives  fucit'H  in  the  dinx-Ucti  -  f  ttweio'  (we  Figure  4',. 


rtwiwn  «iiM  «»r»«rj 

9efne  iniuUing  We  rotor  anrl  thitft.  mitke  sure  the  shaft  it  free 
of  btirr;  whitrh  niighi  cut  oi  nick  the  mechanical  teal  O-iing. 
It  will  n(<ccssar>  to  insuU  the  bottom  vanes  and  push  ruds 
before  replacing  the  lotnr  anil  shaft.  The  vanes  nuti  be  held  in 
place  as  the  riror  awl  stiatt  is  inserted  into  the  cylinder. 


VANES 

When  itistoliing  the  vanes .  be  sure  the  rounded  or  wearing  edge 
ir  outward  to  contact  the  surface  of  the  cylinder,  with  the  relief 
grooves  facutg  in  the  dinxiion  f  rotation  (refer  bock  to  Figure 
Tc  install  iCie  remaining  vat«s,  turn  the  shaft  by  hand  until 
an  empty  slot  comes  to  the  12  o'clock  position,  insert  a  vane, 
and  ti'litle  to  the  next  empty  slot. 


HEAD  A^EMBLY 


PUMP  ASSEMBLY 

Before  reasserttbling  the  pump,  clean  each  puit  thoroughly.  Wash 
cm  the  seal  and  bearing  reoeares  in  the  lie^. 


Before  installing  the  head  assembly,  make  sure  the  shult  is  free 
of  bum  which  might  cut  or  nkk  the  mechanical  seal  O-rings. 
A  small  antaus  of  oil  applied  to  the  shaft  will  help  slide  the  parts 
in  place. 


MECHANICAL  SEAL 

If  the  merhatucal  seal  has  bei.e  leaking,  it  is  recommended  that 
a  complete  new  seal  assenMy  be  installeti. 

Wipe  'he  inner  and  ouiei  O-rii^s  of  the  seal  as  clean  as  posii- 
hie.  Apply  a  tmall  amouni  of  oil  to  the  O-rings  to  aid  in  iastaUa  - 
lion,  the  seal  in  the  recess  in  Shu  head  witfa  tit:  siuel  stamped 
pans  paiming  mw«d.  It  can  be  foroed  in  place  by  hartd  pres¬ 
sure.  The  pin  on  ihr  stationsry  seai;  should  be  to  eithei  si^  of 
the  lug  insid:  the  teal  recess. 


SEA^INC 

Install  the  beating  into  the  bearing  bore  r  the  head  with  the  gruase 
ehirJd  tov  aids  die  intide,  s'sdi  thin  the  ball',  are  v.sibk:  after  instal¬ 
lation. 


HEAD  O-RING 

Ti,e  head  Ct-ring  should  be  replaced  if  it  is  swollen,  ricked  or 
cm.  TTic  O-ring  is  iionnally  smaller  in  di.  meter  than  'he  gioove. 
To  install,  lay  the  ring  Sat  oti  the  head  an)  start  in  on  ooe  side 
of  the  groove.  Slide  thumbs  over  'he  ring  in  opposite  directkira 
'vhile  stretching  it  ahead  with  '>he  fingers,  at  shown  in  Figure  S. 


Place  the  head  assembly  on  the  shaft  with  the  tell-tale  hole  in 
the  bearing  housing  poittiiig  downvusrd.  Slide  the  head  against 
the  cylinder. 

Initall  and  paitiilly  tighten  four  (4)  head  capscrews,  90°  apart, 
on  each  end  of  the  pump.  The  capscicws  should  be  dghamed 
enough  to  squeei«  the  head  O-ring  and  allow  metal  to  maial  con¬ 
tact  between  the  head  and  cylinder.  Rotare  the  Jiaft  by  hand  to 
lest  fci  binding  or  light  spets.  If  the  rotor  does  not  turn  freely, 
ligbdy  tap  the  tun  of  the  heads  with  s  lead  hanmer  to  better  cemer 
the  rotor.  Recfaeck  for  bi'idiDS.  When  the  correct  pmition  is 
'ound,  install  We  remaiainc  head  capscrews  and  ftiUy  righteo  all 
capscrews. 


LOCKNUT  ft  LOCKWASHER  - 
X(3)2Li<"4  3''  PUMPS 

The  puirp  mtst  be  free  tumiag  with  all  head  capscrews  tighi 
before  makWg  an  adjustment  on  the  locknuts.  The  purpose  of 
locknut  aljust'nmt  is  to  center  and  rminlain  ifre  pump  loior 
between  the  heads. 

It  is  importam  that  the  bearing  Incknus  and  lodrwashers  be 
installed  property.  Oveitigtagiing  locicntas  will  cause  bearing  &iil- 
ure  mid/or  r.  broken  kxdkwasber  inner  tang  "A”  (see  Fig.  6). 
Loose  locknuts  will  allow  'he  rotor  to  shift  ngainsi  the  heads, 
causing  wear. 
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PUMP  TROUBUES  AND  THEIR  CURES 


LEAKAGE 

New  mechanical  seals  may  leak  slightly  until  the  mating  surhKxs 
have  had  an  opportunity  to  seat  propetiy.  If  the  leakage  becomes 
excessive  or  continuous,  the  mechanical  seal  should  be  replaced. 
Leakage  will  appear  at  the  tell-tale  hole  under  the  bearing  housing. 

If  there  is  leakage  between  the  pump  head  and  casing,  the  head 
should  be  removed  and  checked  for  burrs  or  dirt.  Alsc,  check 
the  face  of  the  casing  to  rroke  sure  it  is  clean  and  smocxh.  Gently 
file  any  burrs  or  rough  spots.  Head  O-rings  should  be  inspected 
for  cuts  or  nicks,  and  replaced  if  found  to  be  damaged. 


ESCAPING  GREASE 

Grease  will  appear  at  the  grease  relief  fining  on  the  bearing  ccrvei 
after  normal  greasing  of  the  pump.  The  amount  should  not 
become  excessive  nor  continue  for  an  extended  period  of  time. 
If  it  continues,  remove  the  grease  relief  fttting  and  exatrjine  for 
damage.  Replace  if  necessary. 

If  excessive  grease  escapes  around  the  pump  shaft,  remove  the 
bearing  cover  and  inspect  the  grease  se^  for  damage.  ReinsnU 
the  bearing  cover  with  the  grease  seal  centered  on  the  diaft. 


NOISE 

If  a  pump  has  been  drained  and  flooded  with  air  there  may  be 
some  noise  in  the  relief  valve  when  the  pump  is  next  tta^. 
It  is  usually  of  short  duration,  and  will  not  damage  the  pump. 

Excessive  vannim  on  the  pump  due  to  restricted  suction  can  cuise 
cavitation  noise.  There  are  seveni  possible  causes  of  excessive 
vacuum: 

•  Inlet  piping  too  small. 

•  Strainer  plugged  or  diny. 

•  Undersized  or  restricted  filtings.  such  as  globe  valves,  or  par¬ 
tially  closed  valves. 

•  Suction  lift  too  great. 

•  Pump  speed  too  high  for  the  viscosity  of  the  liquid  being 
pumped. 


If  the  pump  is  run  for  extenoed  periods  with  a  closed  discharge, 
causing  the  liquid  to  circulate  through  the  rtdief  valve,  vaporiza¬ 
tion  will  occur  and  create  excessive  noise. 

Exceeding  the  recommended  maximum  speed  can  also  cause 
noise  in  the  pump. 

If  all  of  me  above  have  been  checked,  and  the  pump  is  still  noisy 
and  not  delivering  the  rated  capacity,  the  vanes  sh^d  be  exam¬ 
ined  for  possible  damage. 

DAMAGED  VANES 

Vanes  can  be  damaged  by  the  following: 

•  Pumping  liquids  which  chemicaliy  attack  the  vane  manetial. 

•  Foreign  objects  entering  the  pump. 

•  Pumping  liquids  of  too  liigh  visccsity. 

•  Excessive  hint. 

•  Incotrect  vane  installMion  (see  “Rqilacing  Vanes"). 

•  Cavitatioti. 

•  Overspeeding. 

It  is  advisable  to  replace  the  vanes  if  they  indicate  pu-sii  rod 
penetration,  are  worn  unevenly,  or  have  raised  projocijons  on 
the  wearing  edge. 

LOW  DEUVERY  RATE 

A  low  delivery  rate  may  be  caused  by. 

•  Restrictian  in  the  suction  line. 

>  Resistance  in  the  dischan^  line. 

•  Air  leaks  in  the  suction  line. 

•  Damaged  or  worn  piL-np  pans. 

•  Pump  speed  too  low  or  too  high. 
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PinvIP  PERFORMANCE  EUWA 
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ADDITIVE 

INJECTION 


SYSTE 
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PNEUMATICALLY  PULSED  AIR-PAK  INJECTOR 


©  1 992  Gate  City  Equipment  Co., 


Circuitry  Vaives 


Quick  Exhaust  Vc‘v®s 


MOjSK  HHir  cn  cue 
M.  mr  mcT  HMT 
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*  EtJminatas  tha  nMd  for  l«ig«  diamativ  piping 
nr  i«rg«  Mlaetor  valVM. 

*  Pfovklas  quick  durrpino  of  axhauat  air  at  t'la 
cyiindar. 

Oniorifiig  intormatiOK  8a)«ct  mcdsl  nuTitMH  for  port 
aiM  daairstt. 
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Model  PR10  Single  Pulse  Reloy  Valve 


Convarta  a  continuoua  supply  of  Inloi  air  Into  a  nr^omatiUty  praasura 
pulsa. 

Has  a  mlnlmii<n  ptiiaa  ptaasura  of  bS  PStO  (2.4  and  an  oparaiing 
ranga  of  39 1.)  190  PSIQ  (S.-4  10. 1 

Idoal  lot  applioatiuns  'x-inmn  cn  InpiU  cignal  rcnVna  praaaurlzad ,  but  Ita 
<Hitpu(  rruaf  po  "off"  a«ar  parfonrlfra  Ita  taak. 

Tilt  PH'O  rt^i'X'ta  rtili.  cs'tput  Into  o  pulaa  with  auKiclant  duration  and 
>I(K>  to  8h‘ft  a  dcubla  pifol  oparatatl  powar  valvp.  Tha  powar  valvt  can 
Sht'  ba  ratumad  to  Pa  original  ponttlbn  by  an  opposing  <;ifir)al. 

For  bast  rastSts,  tha  fK  19  should  bs  as  closa  to  pilot  port  of  vaiva  aa 
poMitilo. 
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Model  SVlO-8  and  Model  SV20-B 
Shuttle  Valves 

•  Oparaieb  as  a  S-way  vaiva  with  two  Inlat 
ports  and  ons  outlat  port. 

•  Chock  ball  movaa  awoy  from  tha  inlat 
port  with  ‘ha  graateat  piasaura  nnd 
against  Ihs  port  having  tha  loss? 
prassurs  (a  mir'mum  prassurs  dlfteran- 
llal  of  10  PSIO  (.7  bsq  Is  nacsssary  fi.  sf* 

'act  ahuttla  chatgr). 

•  Has  Buns-N  chot  k  ball  sac's. 

•  300  PSIG  (13.8  bar)  maximum. 

Ordarlng  Informstlan:  Ordar  modal  no. 

assoclatad  with  port  size  raquired. 
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Valve  Accessories 


Model  2030S-X  Exhoust  SMencei 

•  UMd  iha  •xhAuM  noi**  cri  ak  pawer<K>  mown  and  voivoa. 

•  nocomtiMmtiod  tor  jUt  high  CP.M.  H«»  high  How  capacity  and  tow 

back  praaaur*  wtdi  no  build  up. 

•  No  carvica  raqt’ind,  no  mjaudns  ot  L-adtidgaa,  compact,  corraaion  rt>4lstant,  all 
mciat  conatruibion  houaing. 


Ontoring  Information: 
^act  modal  for 
ihtaad  aiza  daalrad. 
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Model  20311 X  Sintered  Sronze  Oreothei  Vertts 

0  tfor  uaa  on  aitvglo  acttnp  eytkdivrs  and 
Wjtvao  to  jrra  nttt  ciift  am*  tumign  pafti- 
ctoa  front  anwrtng  p«4fta  opan  to  at- 
mot(ph«m. 

•  4C  micron  fiftrAtinn. 

«  IFdr  vaoium  rnliaf  or  praaautv  mpMilza- 
tlon  on  gear  boms,  taaannira,  air 
Otnlct. 

ORfoilng  Informiitioci:  .Safoct  modei  lor 

thntad  size  daairsd. 
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Model  203t2.X  Ex^Kaust  Muffler 

V  Stntarad  bronza  air  muiftar  and  axhauat 
dlffusar  for  cm  on  axhauat  porta  of 
valvas. 

a  ScHind  daadaning  ttuallliaa  with  low 
praaaura  drop. 

»  4f)  micron  .wminal  flllratiort. 

Ordiiring  (nformatlan:  Saiact  modal  for 
thraad  alza  dasirad. 
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Model  20313~X  Exhaust  Speed  Controls 

•  Controld  tha  mararing  of  air  How  on  axhanst  porta  of  air  valvaa.  The 
spaed  of  operating  cylinder  may  be  increased  or  dec.'aased  with  (.djusting 
ucrew.  Adjusted  position  mey  be  locked  In  place  by  Jock  nut. 

Exhaujt  sleeve  is  sintered  bronze  held  in  poaiticn  by  2  bras.$  oarts. 
Ordering  Information:  Select  model  for  thread  size  deslivd. 
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50  Series  Valves 

1/8"  Ports 


-  MUmMftlnaipepiiMiirnip>opfruM<pplic«im.itwM»n.Mnie*ocmai«nim»e<MtOvthMmfyc>MiihuaK^ 
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Alpha  Series  Body  Ported 
4-Way  Valves  i/a &  w  ports 

Application  Information 

•  5<pcrtad,  4-way  valw  anabita  usa  of  spaad  comroia  ai  valva'c  exhauat  porta. 

•  Cwirof  tha  valvas  ona  of  flva  waya:  alngia  soianoid,  doubia  sotanofo,  aingla  pikit,  douNa  piloi  a<)d 
acrfanoidfptlai. 

•  Ciata  f=  aolanold  cotta  ata  ratad  for  100%  duty  cycla. 

•  A  micio  circuit  ratay  connactor  la  available  and  mates  tha  valva  TTL  compattbla. 

•  Itao  ovarrlda  matiKids  provida  a  convanlant  way  to  sat-up  and  Iroubla  shoot  dreuita  without  electhcal  pow¬ 
er  to  tha  sotanoida. 

•  For  Informatton  on  connaelors  and  raplacamant  coils,  ssa  papas  53  and  M. 

•  $9lanoid  modais  sia  also  avallabla  with  moldad  lasds. 

•  Fior  Information  on  tha  light  amittirtg  taal  (L.E.S.,'  saa  ptga  13 

Feature /Benefit  Information 


Ouicit  change  coll  can  aaaXy  ba 
iniarcharrgad  or  raplaoad  by 
removing  nut  sHding  aKfsting  coll 
off  and  a  new  coll  on. 


□la  cast  alumlitum  alloy 
body  with  Oolrtn*  and  cup*.  - 
glvoa  alfsngih  and  corroakin 
raaiatsncw. 


Fhw  actuator  optlonn  avsHabla: 
singla  pilot,  doubb  pilot,  akttft 
solenoid,  doublo  solanold  and 
solanoid/pilcl. 


F*lug-ln  connsetors  cut  iriataliatlon 
tinrw  and  gnm  sacur*  hook-ups. 
Each  eonracict  is  Ha  own  junctkai 
bOK,  alimlnatino  tha  head  to  sdra 
(ha  aolanrtkf  to  a  aooondary  juno- 
don  boat. 


Specifications 


One  piece,  balanced  apool  pro- 
vltfaa  quick  ratponsa  uni  high 
flow.  Urethane  saaJ  If  bonded  to 
afumlrum  srjoot  to  resist  wear. 

Poihn  •  h  •  ivqlstind  trwtwnw*  of  Ih*  Ott(K}i*  CorocrMlon. 


Lubrlca^n:  VWves  are  preJubed  and  can  bt  operated  without  air  line  lubileadon  tu  an  opproximata  lib  of  20 
tnUllon  cyciaa.  dtpendino  on  application,  ff  air  cylinders  or  other  air  line  devices  require  Itrhr  cadon,  ensure  that 
lubrtcaijon  oils  are  compatible  with  vatvr  seals  and  of  sutficient  vmcosity  to  assure  adequate  I  jl<ricBtlon.  See  Page 
62  fbr  list  (.<  sugpaatad  oils. 


■  Cycles  par  minute  is  tetad  et  600  CPU  on  all  Alpha  Valves. 

TTF*" 

ACTIMTOR 

TYPS"’ 

RKTUFIN 

PORT 

•fZH 

ppctisum 

RAHtU! 

PtHtbail 

tIHft.  PItOT 
pfiessuRc 

PSI  (bar) 

FUJW  C»' 

SCFM  (dm<Mt  FACTOfI 

wamr 
ate.  bd 

AWWOiT 

TEMPEAATyfW 

PHol 

Sofino 

.JSL 

SO  (IS)” 

30  (14.2) 

0l9 

laoD 

PSOt 

SprkiQ 

«0  (351*- 

50  (235) 

vi 

firdeoi 

Pilot 

PHol 

W" 

vacuum  fh 

25(1.7) 

30  (14.2) 

05 

7.i_®m 

o»io  iriR® 
(18«1o82<K:) 

PHtH 

PIkil 

1M" 

25  (1.7) 

50  (23S) 

15 

ernsM 

Solenoid 

SpftrtQ 

!«" 

SO  (aS)’*t 

30  (14.2) 

05 

101  (286) 

Solenoid 

Sprmo 

1M" 

50  (35)-t 

SO  123  6) 

15 

57  (2751  _ 

Solanold 

Solanold 

1/8" 

■»07)t 

30  (14.2) 

09 

111  (371) 

Sclanold 

SoUnokf 

1«" 

25  0  7)t 

50  (23.6) 

15 

12.7  (360) 

'SCFM  el  80  PSI  (55  bar)  supply  mW  &  PSI 145  b<r)  tfowntrream  or*«su-a- 
"Un*  SO  PSI  (4.1  tur)  nWi.  ptM  piSMua  ter  apowPon  vaivti. 
tUM  tor  tow  pfMnim  md  vpeuuin  lupply. 


[m  THOMAS 


msnjsmmiNc 


POWER  AIR  DIVISIOM 

141ft  tUUNOtS  AVENUE,  SHEHOVQAN,  WISCONSIN  530K2 


T”30  Series 


WOB«L 

PSSTOM 

COMPRESSOR 


Portable,  OO-Ijsss 
Heavy-iXily  Ajt  Compnesisore 


GENERAL  ^PESCRIPTION 

Performance  in  landem  with  portabi!f,y  ni«kos  Ute  Air- 
Par;  T-30  Seriet:  our  fine*!,  most  cot:veni«nt  tar»l< 
(Ximpres.>,or  which  i»  (^rfect  for  the  protoiilonal  ano 
twriouii  do-it-yourselier.  This  conpressor  Irtctiities  eir 
storage  tanfrs.  and  an  aufnir,?n(c  preosuro  switch 
rwntrol. 


3PCCJF!(f)AT*0?^S 

H.r. . . . 

VataiRe _ _ _ 

Sinning  VsKiige  (min.).. 
PiiM  RwtuirenMttta  . 


.1,(t^173fflNPM 
_ _ IIS  V.iMMZ 

....... - .aov 

.. .M. ......  ISA 


SatBty  Vt-H-t  SettInvJ  . . 140  iPSHG  (;j<SS.3  KPa) 

All  DiaptacenMOi  . . . . AR  Cf«  <127.4  UPM, 

All-  KHIIvery  . . . .  2,95  CPWI  #  SO  PSI 

- . . . . . . <83.54  LPSd  ^  345  KPa) 

. . . -2.(M  CfTM  #  PO  PSI 

. . trS„06  LTO  <gl  852  KPo) 

.  . . . . .2.4l£CMil@'1'OOPSI 

. - . . (72.22 1.PM  «3»  «WJ>  fiPa) 

Antps  at  Working  Prsuteure . . . . . .  103  A 

Autometic  Control . Start*  #  OS  P3Sffl 

. . . . (865  KPa) 

. . . . StO|»  @  1S5  PSK5 

. . (»81,9KPe) 

Tank  Site  . . .  2  Oat.  EACH  (r«a!  A  Qai.) 

. . fT.30  «P)  0.S0  Ot!.  TOTAJ. 

Weight  . . . . . 82  iha. 

Cord  ....  . . r.«.(  1.83  8*) 

PSI  .t  PounO*  Per  Square  tnch 
KPa  s  KliofMteoais 
Cfm  31  Cubte  IFeet  Par  Minute 
LPM  »  ‘.hers  Par  Mistutc 

APPUC.ATION 

kleoi  as  primary  or  sersinctary  air  source  for  almos!  any 
opsiatior,.  Parfcuisfiy  suitable  ior  shops.  oa.«^S9«s;  and 
factories  wirera  repetitive  use  dema.'Kls  high  rc>iial>iiity. 

^1*1  Ns  Hav  A  7-9: 


T-SOHP 


T-3»Wr 


.".ywwrrrigf 


T-30ST 


tl'Vgi  Tiio:r..si  i/itijSt-HW  ItV.  tn  U  S  A. 

An  RighU  ftos^f  rSM 
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GENERAL  MAINTENANCE 
AND  SERVICE 


FOR  SERVICE  AND  RARTS 

For  service  contact  the  (tealsr  from  whom  you  purcoasad  the  sompressur. 

To  pl?.ca  parts  orders;  Provlda  (he  modal  data  located  on  the  nameplate  of  the  oomprcKiAor  and  cat!  our 
parts  department  1-800-323-0620 


At  WARNING:  Read  and  understand  the  information  in 
this  owner's  manual  before  operating  air  compressor. 


1 .  The  compressor  should  be  located  In  a  dry.  clean, 
and  vvefi  ventilated  area. 

2.  Inspect  before  use:  hose.  plug,  and  cord  for  signs  of 
damage.  Oo  not  use  if  a  deficiency  is  found.  Contact 
your  nearest  service  center  for  replacement  parts. 
Never  operate  a  damaged  unit. 

3.  Oo  not  tamper  with  safety  valve  as  It  has  been 
festoiry  eat.  Any  adfuBimanl  with  thia  valve  could 
cause  serious  Inlury. 

4.  This  air  comprassoi  naeds  no  lubrtcatfon.  Applying  oil 
to  any  part  coukf  result  in  pollutsd  air  delivery  to  the 
air-handling  equipment. 

5.  Compressed  air  must  never  be  aimed  at  anyone 
because  it  can  cause  serious  injury.  Keep  children 
away.  WKAR  FYE  PROTECTION. 

3.  All  air  compressors  generate  heat  even  under  ncrmal 
operating  conditions,  i'o  avoid  serious  burns,  never 
touch  the  air  compressor  di<r>ng  or  immediately  after 
(jperatHsn. 

7.  When  unit  is  not  in  use,  wrap  cord  around  compressor 
and  store  in  dry  placo.  Oo  not  afceice  cod. 

8.  Before  servicing,  cleanir^  or  rpmoval  of  any  part,  shut 
off  power  and  relieve  pressure 

9.  This  systsm  produces  125  PSI.  To  avoid  rupture  and 
injury,  do  not  operate  this  pump  with  coniponents 
rated  loss  than  125  PSI  wotfring  pressure  tincfuding 
but  not  limited  to  spray  puns,  hose  and  hose 
connections  wiihoui  pressure  reyi'lator}. 

If  warranty  nervlmr  or  repairs  are  needed  contact  your 
n<«are8t  airthorfied  tervire  center.  If  one  does  not 
exist  contact  the  factory.  Utiauthorljed  repairs  or 
teardown  of  tii»  unit  wIK  void  factory  vrarranty. 

SETUP 

Loeatictn  of  Air  Compressor 

Operate  air  compressor  in  a  clean,  d.-y  and  well  ventilated 
area.  The  air  filter  rnust  bri  kept  dear  of  obstructions  which 
could  reduce  air  How  to  the  r.ompressot  The  air 


compressor  should  be  located  at  least  12*  away  from 
walls  or  other  obstructions  that  could  interfere  with  tha 
flow  of  air. 

Extension  Cords 

To  avoid  voltage  drop  and  power  loss  to  motor,  use 
additional  hose  instead  of  an  extension  cord.  It  an 
extension  cord  must  be  used,  use  only  a  3-wire  extension 
cord  equipped  with  a  3-blade  grounding  plug  and  a  3-8lot 
receptacle  that  will  accept  the  plug  on  the  compressor. 
Make  sura  the  extension  cord  is  in  good  shape. 


MIWtlllUMOAUOE  TOR  EXTENSION  C0W08 

CORD  LENGTH  25  FEET  50  FEET  100  FEET  180  FEET 
GAUGE _ 16 _ 1<  10 _ e__ 

NOTE:  Wire  Size  Increases  as  gauge  number  decreases. 

Grounding  instructions 

WARNING:  Improper  grounding  can  result  in 
electncal  shock.  In  the  evem  of  a  short  circuit,  grounding 
reduces  the  risk  of  shock  by  providing  an  escape  wire  for 
the  electric  current.  The  air  compressor  must  be 
grounded. 

The  air  compressor  cord  Is  equipped  with  a  grounding 
wire  and  appropriata  grounding  plug.  The  plug  must  be 
used  with  an  outlet  that  has  been  Installed  and  grounded 
in  accordance  whh  all  local  codes  and  ordinances.  The 
outlet  must  have  the  same  configuration  aa  the  plug.  Do 
not  use  an  adapter. 

Do  not  modify  the  plug  that  has  been  provided.  If  it  does 
not  fit  the  available  outlet,  the  correct  grounded  outlet 
must  be  installed  by  a  qualified  electrician. 

Inspect  the  plug  and  cord  before  each  use.  Do  not  use 
uompressor  if  there  are  signs  of  damage. 
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A  WARNING:  Improper  inctAiiat'on  of  the  grourtdinQ 
plug  can  l  asult  in  electrical  shock.  If  repair  nr  replacement 
cl  the  cord  or  plug  is  required,  do  not  connect  the 
grouncfing  wire  to  O'ther  flat  blado  terminal.  The  wire  with 
the  gr'.>er.  ,'wiii!  or  without  yellow  stnpes)  insulation  is  the 
grounding  wire  and  must  be  conniected  to  ttie  grounding 
pin. 

Chec.k  with  a  qualified  electrician  if  the  grounding 
instructions  are  not  compietsly  undeistcod.  or  if  urisure 
unit  is  propedy  grounded. 

OPERAnON 
Safaty  Valve 

The  itafety  vafve  litem  24  -  tank  drawings)  is  dettigne<)  to 
oreven!  pressure  irj  t!io  storage  tank  from  excoecfing  140 
i»SIG 

A  WARNING:  Do  not  tamper  with  or  attempt  to 
eilminato  the  safety  valve 

Ttte.'tnai  Overioed  Protocte? 

The  compressor  motor  is  equipped  with  a  thermal 
overload  protector.  If  the  motor  should  overheat,  the 
overload  protector  will  shut  thr,*  mote?  off.  It  tills  occurs, 
turn  itio  onroff  lover  to  the  off  pesition  and  aflow/  motor  so 
cool  for  npiprori'rieteiy  5  minutes, 

NOTg;  Tank  pressure  must  bo  below  !)5  f'SiG  lor  the 
compressor  to  start. 

Hestad  the  compressor  hy  moving  oit/off  lever  to  the  on 
poRition.  If  comptes.sor  fails  to  siait,  check  for  blown  fuaeo, 
the  compressor  may  require  more  time  to  cool.  If  tfie 
overload  protector  shu.s  down  the  motor  frequently,  it 
could  be  due  to  low  voltage.  Common  signs  of  low  vottagj 
are: 

1,  Motor  doe?  not  gsUip  to  power  or  speed. 

2.  Fuser  or  circuit  breaker  activate  when  starting 
co-Tipressor. 

3  Lights  dim  or  remain  dim  when  compressor  is  started. 

4.  Other  motor  operated  appiiarices  tait  to  operate 
projierly. 

5.  Too  many  motor  operated  appliances  on  same  circuit. 

Operating  procedures 

1 .  Make  sure  on/otf  lever  is  in  the  olf  position. 

A  WARNING:  Before  using  air  tools  or  accessories, 
check  manufacturer's  maximum  prs-ssura  rating. 
Maximum  pressure  rating  must  be  above  12S  PSIG. 


2.  .Attacii  air  hose  and  accessory. 

3.  Turn  on/off  lever  to  the  on  position  and  allow  tank 
pressure  to  build. 

4.  Whan  the  motor  stops,  it  has  reached  emout  pressure 
and  the  unit  Is  ready  for  use. 

NOTE:  When  using  an  accessory  or  air  toot,  pressure  in 
the  storage  tank  decreases.  When  it  reaches  a  certain  low 
level  (cut-in  pres,sure)  the  motor  will  automatically  restart 
and  raise  the  pressure  in  the  storage  tank. 

5.  To  shut  down  compressor,  simply  move  on/off  lever  to 
the  oti  position. 

6.  Allow  compressor  to  cool. 

7.  Drain  storage  tank  (sea  Storage  Tank  in  Mairtfenance 
Setlion). 

MAINTENANCE 

Air  Filter 

Inspect  air  (ilt«r  (Item  49  -  compressor  drawing)  before 
each  use.  Clean  filter  with  seep  and  water  as  neces,sarv  If 
fitter  becomes  clogged  or  damaged,  replace  it. 

A  WARNING:  Never  clean  air  filler  with  a  flammable 
liquid  or  solve, it.  Explosive  vapors  mey  accumulate  in  the 
a<r  tank  and  cause  an  o.tpiosicr),  resulting  in  serious  injury 
or  death. 

CAUTION:  Oo  not  operate  air  compressor  without  air 
filter, 

.Storaga  Tank 

Sto.'age  lanx  should  be  drained  after  each  us#  or  after 
every  four  ttours  of  operation  to  prevent  condensation 
build-up  and  corrosion  inside  tanks.  To  drain  tank,  slowly 
and  caretuliy  open  drain  fitting  (Item  3  -  tank  drawings),  tip 
unit  upright  and , allow  water  to  drain  out. 

NOTE;  Wiien  dreimng  tank,  watch  lor  deb>'is  (rust 
particles),  if  there  appears  to  be  debris  in  water,  contact 
your  dealer  tor  possible  tank  replacement.  It  is 
recommended  the  tank  be  replaced  every  three  years. 

A  WARNING:  Co  not  weld  on  the  air  tank  of  this 
compressor.  Welding  on  the  ai'  compressor  tank  can 
severely  impair  tank  strength  and  cause  an  extremely 
hazardous  coridition  Welding  on  the  tank  in  any  manner 
will  void  the  warranty.  If  warranty  service  or  repairs  ais 
needed  contact  your  nearest  authorized  .servicing  dealer. 
If  one  does  not  exist  contaa  the  lactnry.  Unauthorized 
feardow.'  of  the  unit  will  void  the  factory  warranty. 
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UMIAWIIMU  AiMU  KAK  IS  LIST  FOR  T-30  COMPRESSOR  DRAWING 
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DRAWING  AND  PARTS  LIST  FOR  T-30  PANCAKE  TANK  DRAWING 


FLAr 

FITT 
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:?  *1 

vV  I 


V'*,! 

Mm 


Gvcvkr  Machine  V.'orns 

SCKIIS  1$~)S0  PfKund 

Cast  CartMm  and  Alloy  $Nal  flangatf  Fittings 

DIMliNSICNS 


CC..  '  >11 


lM 

COOC  MO  ISS 
r-A— *--A-— 


COO£  liO.  Ib3  CODE  NO  l»it 

r'"3  r^-2 

;._45 

COBENO.  I,M  coot  HO  l>Y 

r-A-f-A— j  F'r^tTpcv 


—A  — 

'tW 
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core  NO.  ISM 
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-L_dby^ 

COUK  NO.  (te 


coos  NO  isto 
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1 

L 

1-- 

Lc 

cool  NC.  ISIS 
ir-O-: 


CODS  HO  \&h 


COOS  NO  ISlJC 


Cwittr  H  fi«« 

C  Lowgltyoftotfl 

CMttr  f«i  fsc* 

P»c«  »o  fict 
6  ut^uctr 


'MMM 

HBBBMWI 


n  1  IH  1  JK  1  *y,.  1 

1  S<4  1 

5 

sk!  i’/i 

1 

4HJ 

!  i 

4^  !  5  I 

!  '1 
5  1 

6 

ScriM  IS  ciitt  /tec)  flenced  fittinfc  are  pnaeided  wrrb  ’fn"  rxiced  fuces  which  ARB  inclnded  in  miainttSB  thickucM  of  toafo, 
center  to  face  and  lace  to  face  dimanaions.  fi^TccUl  iicinf  information  i»  ahown  on  pagac  24  and  25. 

Rtdycinf  Attinc*  haett^tha  tanta  canter  to  face  d>.mi‘n«i9$in  at  thoae  of  etraifht  alee  fittinfi  of  the  Itrfeet  opening. 

For  drillinf  of  Heea  aee  pane  27. 


PRESSURE 

DIFFERENTIAL 

GAGES 
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Initallation  SI>Mt:  202SP-INS 
EK»e1iv»;  10-15.e3 
3456789  Rtvitlon:  02-15-88 


INSTRUCTIONS  FOR  INSTALLATION  &  ^MAINTENANCE 
OF  PRESSURE  &  VACUUM  SWICHGAGES® 

SERIES:  20-P,  2&-P,  A20-P,  A25-P 

INCLUDING  V,  VWC,  ABS,  EO,  DP  MODELS 


TYPICAL  PRESSURE  SWICHQAGE^ 


A  SWICHGAQE*  Is  an  indicating  mechanical  gage,  with 
adjustable  limit  contacts  which  may  be  preset  at  the 
lactory.  It  is  the  sole  responsibility  of  the  InstallerAiser  to 
insure  the  proper  contact  setting  before  placing  it  In 
operation.  SWICHGAGES*  are  available  in  vesfous  sizes 
and  shapes  to  adapt  to  most  applications,  for  pressure, 
temperature.  Ucfuid  level,  vibration  or  speed.  TTiese  are 
dry  contact  type  switches  for  light  duty  electrical  switch¬ 
ing  and  should  be  used  with  a  Murphy  Magnetic  Sw>tch 
or  Transformer  Relay.  Both  electrical  and  mechanical 
experience  is  necessary  for  proper  installation  and 
maintenance. 


TYPICAL  TATTLETALE  MAGNETIC  SWITCH' 


TATTLETALE®  Magnetic  Switches 

Murphy  manufactures  several,  patented  magnetic  switches  tor 
protection  of  .the  light  duty  SWICHQAGE*  contacts  and  to 
ensure  positive  shut-down  of  equipment.  There  are  magnetic 
switches  for  Capacitor  Discharge  ignition.  Magneto,  or  battery 
systems,  and  models  for  electric  motor  driven  equipment. 
TATTLETALES  '  are  pop  out  indicators  that  show  the  cause  ol 
Shut-down  If  several  TATTLETALES'  are  used  in  conjunction 
with  several  dltlerent  SWICHGAGES',  the  tirst  one  out  will 
lockout  all  other  magnetic  switches  Be  sure  the  type  of  Mag¬ 
netic  Switch  matches  the  power  source  used  to  trip  it 
•  Note:  At  equipment  start-up.  the  magnetic  switch  reset  but¬ 
ton  must  be  held  in  until  no'mal  operation  occurs,  unless 
closed  SWICHGAGES '  arc  locked  out  by  lime  delay  or  lockout 
button.  (Not  applicable  for  Mag,  or  C  O  power) 


1XrTLErALE’*/RESrr  button 
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BASIC  OesCRiPTfON 


ao  &  ;tl  HRStiUC^E/VACUUM  SWICHOAOVS* 

SO  (3'V16”.  S2mm  moonnoQ  ho(«)  knct  25  »'/««« (2>1 ASmrr. 

moufitiHQ  no)«)  cm*  tnd  «»«  ditphragm  aciuatad  T.t* 

DomtAf/cQiMfct  Qrounda  tftrouQh  &im  to  corrpMiia  iha  awttch 
eirci>it  Th«  MmM  contaci(a)  wtrad  to  powa<,  th^Oh  a  Murprvy 
Switch.  S««  diagrama  for  SvtnCHOAQ£*  w«rt  color  code 
Cortacii  ara  raiod  2A  <|^  3llV  ratiotiv*  (pHrt  duty);  0*^9*  connection  la 
Vd'27  NPT  S««  tnstallaUon  itnd  typical  wiring  diagrams  for  wira  up  p( 
SWICHQaOS'*  and  Murphy  magnatlc  awttcn 


A90  A  AS!  ASNCa  PAIMlTtiArACtHM  BWICMOAOI8* 

A20  Sanaa  (2‘1/tO*.  SSmm  mounting  Hota)  and  A2S  aar^j 
Mmm  rnounting  hoia)  have  poiycarOonafa  oatta  and  ara  d»rphragm 
aciuatad  ‘Thaaa  caaaa  na^  moldad.  iaolatad  ttrmina'a  for  awUch 
contrci:  the.  uomtar-contacl  ii  wired  to  oommon  or  grotmd;  tha  limit* 
coruacils)  la  wirad  to  powar.  througn  a  Murphy  msgnatic  twitch.  Baa 
SWlr^HGAOE '  diagrams  for  tarmiral  codas  Contictt  2A  ($>  50V  ratla- 
tiva  (pilot  duty),  gauga  connaction  1/9*27  8a*  inataiiatlon  and 

typical  wiring  diagramw  on  this  al^aat,  for  wtra  up  of  SWICHCIAQE*  and 
Murphy  nagnatic  twitch. 


STANDARD  CUfeCTRICAL  DIAORAMU:  30  A  2$  —  RRCSSUREIVACUUM  SERIES 
THESE  DtAGRAMS  SHOWN  WITH  POINTER  IN  THE  NORMAL  OPERATING  RANGE. 


STD.  MOOGL 


HL  MODCL 


ASS  MODEL 


■OU<»SL 


UCW 


SIE.  Swllch  RMing:  Pilot  Duly.  2A  ®  30  VAC'OC  rMMtIv* 


%BS 
NCRsd 

_ _  JO  Block 

C5fi»4'«Com.WTilH 


tNCRwl 
NO  Block 
**Com.  WWto 


Mkre-SMteh  Ritlng;  3A  ®  30  VOC  inOuctiv* 
4A  w  125  VAC  IndMCtm 


STANDARD  ELECTRICAL  OIAGNAMS:  A20  —  PREGSURE/VACUUM  SERIES 

THESE  DIAGRAMS  ARE  SHOWN  WITH  THE  GAUGE  POINTER  IN  THE  NORMAL  OPERATING  RANGE 


STO.  MODEL 


HL  MODEL 


6  o 

NC  C  NO 


Low 


0  0 

NC  C  NO 


ttd.  twtteh  flaffn^a:  Pilot  Duty  2A  ®  30  VAC/OC  raalativa  Micro  twHch  Mating:  3^.  ®  30  VDC  inductivt 

4A  ®  125  VAC  inductiva 


STANDARD  ELECTRICAL  DIAQRAM8:  A-2S  —  PRE881iRE/VACUUM  SERIES 
THESE  CHAQRAMS  ARE  SHOWN  WITH  POINTER  IN  NORMAL  OPERATING  RANGE 


iO  MODEL 

NC  C  NO 


Std.  Switch  Rating;  Pilot  Duty.  2A  ®  VAC/OC  ratistiva 


IHerO'Sarllth  Rating:  3A  @  30  VDC.  inductive 
4A  @  125  VAC,  iftductiva 
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SPeCtAL  APPLICATION  SV«CHGAQESV  ABS,  EO,  DP,  ‘/WC,  ST,  PT 


ALARM  lieiPORfl  SHUr-nOWN 
TWO  SWITCH  0»™ION 

ABS;  SWtCKOAOE  with  AInrm  B«ffMni  ShuMSotim 


MtcnO-SWITCM*  LIMIT  CONTROL. 
EO:  SNAP-ACnON  SWICHOAGE 


rh«  ABS  has  a  aiandard.  front  llmi|.conlai:i  lor  low  prassuta 
aquiprnent  ahul-down  and  an  Inlarrtal,  SPOT  micro  sivitch  for 
Alarm  Satora  Shut-Oown  (Mt  Wiring  Olagram).  Whan  tha  low 
sido  ol  Iha  micro  iwiich  SETS  (praaat  oolril.  on  falling  prat- 
sura).  me  NC  aide  ol  tha  swilch  complatas  a  clrcuii  lo  activata 
an  alarm.  From  this  poini  tha  praatura  n^uat  Incraiiae  appncai- 
malaly  10%  of  icala  bafora  tha  micro  twitch  will  RESET  and 
open  lha  circuit;  il  preasura  tails,  tha  ahul-down  circuit  wl«  bo 
corriplatad. 

NOTE;  Tha  Iri,  ;  woniact  ahul-down  limit  aatting  (adjuatabla) 
and  micro  switch  low  point  art  prasat  at  lha  factory:  ll  settings 
othrr  than  standard  ara  nacasaary.  than  spacify  wb«,i 
ordorlno 

TdTtHdfftWeHTMrAWBKDffE - 

DP;  CNffarantltl  Piotauna  SWICHOAQE 
Inatallition :  1)  connocl  lha  Input  alda  of  tha  flllar  to  lha  cantor 
port:  2)  connect  tha  filtar  output  presaura  io  tha  uppar  pen  — 
CAUTION :  uts  a  7/16*  wranch  on  the  uppar  port  a  wrench  flats 
to  pravant  damage  to  tha  gauge.  00  NOT  owir  lighten  port 
connections:  3)  sat  tha  limit  contact  to  tha  manulaclura- 'a 
filler  aptciflcationa:  4)  ixinnact  wiring  to  alarm  and/or  ahut- 

down  devices _ 

OH  V  AIR  CLEANER  flfcsTRICTIDN 
VWC:  Witor  Column  Calibrated,  Waeuum  SWICHOAOE 
Instaltaiion .  1)  mount  tha  VWC  away  from  angina  vibration:  2) 
run  tha  vacuum  line  tram  tha  gauga  to  a  point  batwaan  the  air 
cleaner  and  (a)  carburaior  on  carburalad  angina,  (b)  turbo- 
chargar  on  turbocharged  diuaalt.  (c)  tha  angina  on  naturally 
aspiraiad  dirvals.  NOTE:  a  llaxibla  aaotion  ia  aesantial  at  aoma 
point  in  tha  vacuum  line  to  aliminata  vibration.  Be  wra  tha 
SWICHOAQE  is  grounded  in  a  12  or  24  volt  ayatam,  and  that  tha 
alarm  ussd  la  of  tha  atma  voltage  as  tha  batloiy. 


An  EO  is  me  combination  of  a  MUttPHT'RAOE*  and  a  SPOT 
micio  awiich  Tha  switch  wil.':  .SET  (sea  wiring  Diagram)  «i  its 
preset  low  pressure  point  on  tailing  prt Murn.  As  lha  pratciura 
nsat.  lha  twitch  will  RESET,  approxivsialaiy  1(7% of  scale  above 
the  low  orassuns  GET  point.  (Tha  10%  diftarance  is  Inherent  in 
Ilia  pliyaical  movamani  of  lha  micro  svriich.)  By  knowing  the 
low  piawui'a  SET  point  this  3  wire  SWtCHOAGE  can  be  used 
to  maXa  or  break  a  circuit. 

t-O'  E nampla.  you  hav*  a  0-100  pii  EO  with  a  SET  point  o(  15  psi : 
lha  awitch  will  RESET  at  + 1(7%  of  scale  ci-  25  osi.  This  EO  could 
be  wired  to  light  a  lamp  on  low  prassura  iiart-up,  and  than  pul 
oul  th«  lamp  as  praaaure  rises  past  25  pal. 

Tha  SPOT  micro  awitch  is  rated  3  A  ®  ,10  VDC  Inductive  and  4  A 
!§  125  VAr.  inrti.ict’va.  _  _ _ 

TlASKI^LEO  ALARM 


ST;  LEO  rtaaiias  On  OWICHOAGE*  Closure 
Tna  ST  hat  a  tUindard.  Iron  Ilmit-contaLt  for  low  pressure 
alarm.  For  shut-down  or  auxiliary  Mlarm.  wire  to  compatible 
rating,  aaa  axamplet  ol  Murphy  audible  alarm  ^nd  magnetic 
kwilchss  Qiva.i  below 

LIP  flATtUU;  MAllWLiS  {  7I«I 
»nis13/14VOU  |Oa 

NCd.OriNO.OMLV  (Sis 


etacis  VDC 


STAHniP  PRESSURE  LOCKOUt 


2(M>7;  Sami-Aulotiialtlt:  Idehoul 

On  start-up  praetunt,  the  SWICHQAQEo  low  liniH  contact  can  ha 
By  patisad  by  poshing  tha  tockoul  button.  The  locfcout  will  trip 
sutomaiicaiiy  on  hting  proasure.  Lockout  ralaasa  level  ia  factory 
sat:  chscit  at  initial  atan-up. 


PROBLEM 

PHOBAELE  CAUSE  A  POSSBLE  CORRECTION 

Englia  will  rot  stait 

•  Btosm  luaa  in  magnetic  awivii  dtcull;  laplaoa  wth  14  A  fuse. 

•  Fotta  ground  In  contiol  ckaiit  lapair. 

•  Open  ciicuil  (CLOSED  LOOP*):  repair. 

•  Control  dreua  ovartoadad  by  aocaaeoriaa:  reioiAP  aooaaaortaa. 

Faiss  Shutdown 

•  InlarmlltanI  ahontlng  in  wiring  due  to  wear  or  inautation  braakdown.: 
check  11  wiling,  raplaca  as  nacaiMry. 

•  CU3SEO  (jOOP*  ctioui  haa  intaiurilnanl  open  or  thorl:  check  all 
wkina.  rspiaoa  aa  naadad. 

•  Vibration  causes  tha  magnetic  switch  to  trip::  repair,  ra,alact 
or  ralocata  twheh  aa  naadad. 

SWICHGAGE*  dotaa  but  doaa  not  trip 
tha  magnetic  awitch  or  kill  tha  engine. 

•  inoompfats  circuit.’  tocata  open  dreuit  and  repair. 

•  idagnato  not  providing  power  to  primary  terminal  poet: 
repair  magneto. 

•  C.O.  type  magnetic  awkeh  baing  used  with  magneto  or  bat, try: 
raplaca  with  cerract  magnalio  switch. 

SWICH(3AGF.»  doaaa  and  kWs  angina, 
but  H  does  not  trip  tha  magnetic  awitch. 

>  Magnetic  awitch  binds,  pravanti  hip:  adJiMt  or  replace  tha  awkeh. 

•  Conventional  magnalie  awiich  la  uaad  wkh  C.O.  IgnUion:  rap>a« 
tha  awkeh  wkh  a  C.O.  daaignalad  awkoh. 

TATTLETALES  trippad  put  angina 
is  still  running  (msg.  or  C.D.) 

•  Lost  ground  to  (lit  engine;  repair. 

Pointer  wia  not  oparata  property; 
inacctiraia  readings 

•  dogged  Hnas  or  pulsation  dampamr;  ramova  and  dean  or  replaea. 

•  KNiad/crlmpad/brokan  praaaiFe  or  vaeuwn  lina:  rapiaoa  in*. 

Poirle-  or  oontael  Isrmad-in-two. 

•  Without  axoapdon  this  oondkion  it  oausad  by  kicorraot  wiring  or  a  short  d/cuii 
rafarto  wiring  diagrama  and  raehadt  akrlng;  replacw  SWtCHGAGE*. 

if  you  naod  additional  astistanca.  contact  VOUR  LtXTAL  MURPHY  DEALER,  or  a  Murphy  reprasantativa  at  one  of  the 
offices  listed  on  this  form. 


7YP1CAI-  INSTALLATION 


SWjCHQAOE  ‘  INSTAUlATION  (Refer  to  orewiny) 

1.  Secure  the  SWICitGAQE'  lri  ihepcrtel.  using  the  clsmpeiv.1 
nuts  provided. 

NOTE:  Be  eiirv.  the  SWICH3A0E'  and  panel  are  grounci.rd. 

2.  Connect  the  pretaure  or  vacuum  tine,  using  a  1/8  N^T  adap¬ 
tor  at  the  SWICHQAGE  •  end. 

NOTE;  S)e  sura  that  pressure  line  it  cleert  and  that  pipe  dope  or 
tetlon  used  on  fittings  does  not  block  lit*  lint. 


).  If  not  in  a  praw‘i*d  psnal.  wire  tha  limit  switch(es)  to  a 
Mvipliy  nt  agnatic  pv<lch  or  relay. 

NOTB;  Riioi  doty  (S  A  ®  SV  V  resistive)  contacts  must  be 
protected  t<om  hiyn  curiunt:  disconnect  power  ouring 
w(i  ;»-op. 

TE1£T;  Swr;  dll  i/prnent;  wait  lor  pointer  to  lift  oil  low  contact: 

ruan  nyt.  cloae  limit  swltc'iiasl  to  niarm/shutdown.  ad- 
lutit  limit  uoniect  to  comet  limit  point. 


USE  THE  PROPER  T  OOLS  —  DC  HOT  OVER  ■V3HTEN 


Murphy  recornmands  mounting  SWtOiQAQEii*  and  mag- 
nttlc  iwitcheri  away  from  excaasiva  vibrations  and  the  usa  of 
panel  shock  mounts  wherever  vibration  may  occur.  Handia  all 
instruments  with  care:  although  durable,  these  producta 
should  not  be  subieclad  to  rough  handling,  dropping,  or 
severe  vibrations. 

Magnetic  Switchea;  Mount  with  elactrieal  lugs  down.  II  rtccee- 
sary.  drill  the  TATTLETALE*  and  pilot-stud  holts  (lemplata 
providsd);  claan  away  burrs  and  filings.  Position  tha  magnatic 
Switch  in  tha  panel,  making  sura  the  pilot  stud  Is  in  place.  Add 
TATTLEIALE'  decal,  than  waaher.  than  nut  ana  tighten 


BASIC  WnttNC  OP  SWICHOAGE*  AND  MAGNmC  SWITCH 

*  Osconnect  batlery  or  other  power  during  Installation. 

•  Murphy  componeivts  are  saaily  wired-up  and  meinlained. 
Use  good  quality  wire  and  terminals.  Be  nura  all  connactions 
are  Clean.  Complalt  and  Correct.  The  wiring  arid  the  type  ol 
magnetic  swii.ch  dilter  lor  vefir)u.s  applications,  but  a  knowl¬ 
edge  of  basic  aleotneat  lunctions  and  ol  the  circuits  necetaary 
for  th#  specific  job  (eihal  you  want  to  happen),  and  common 
sense  will  make  the  system  work  tho  way  you  want  It  to  work. 
See  examples  of  typical  wiring  and  instructions  packed  with 
each  magnetic  switch. 


IMPORTANT,  PLEASE  READ  COMPLETELY 


SWICH0AC!:S*,  Murphy  magnetic  switchee  end  vatvee.  prop¬ 
erly  installed  and  miintained.  are  effective,  work-reedy  tools  in 
any  prevsntive  maintenanca  program.  Por  optimum  perfor¬ 
mance.  check  these  tools  pariodiea'Iy  look  for  frozen 
pointers,  kinked  or  worn  tubing,  broken  wiring  or  loose  con- 
nsetions;  c'oac  the  contacts,  then  watch  fortxpecisd  rewilta. 
Replace  any  damaged  or  worn  parU:  clean  and  repair  as 
•zieoeaaary.  Murphy  will  repair  or  replace  parti  covered  by  tha 
Murphy  two  year  ilmitod  werianty. 

•  Check  the  wiring:  it  must  be  Correct  and  Complete:  tight 
connections,  unbroken  Insulition.  no  eccldantti  grourtdt. 
do  not  run  ehut-down  wires  with  ignition  wiring, 
tt  Check  all  tubing  end  connactions  for  leaks. 


•  Mount  magitetic  switches  and  Murphy  valves  in  an  uphght 
poaillon.  to  prevent  moisture  collection  and  shorting. 
Chtantng  Lesen  lenaoa:  since  many  strong  aoivsnts  and 
cisanen  cari  haze  und  pe  mansritiy  damage  tha  clear  polycar- 
bonsls  lens  on  SWCHGAGES",  please  use  one  of  the  so- 
lutiorwi  listed  here:  mtkfeoiip  wad  wafer;  minaralapirits:  white 
kerosene:  VM&P  niphtha:  hepltn«:hexana:  varsol  No.  2: 
menihyi/ikoprnpyl/isobulyt  alcohols:  1  A  3  denatured  al¬ 
cohols:  freon*  TF  4  TE:  pelroiaiini  ether  (65*C  boiling  pt.). 
CAUDDkl:  Many  of  theaa  cleaners  art  flammable.  00  NOT 
USE  when  the  equipment  Is  running  or  vary  hot.  Keep  away 
from  sparks  arid  flame 


FRANK  W.  MUfIPHY  mamiMeiwer 
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MODELS  CUB  1 A  CUB  2  COUNTERS 

OPEN  UP  NEW  COUNTING  HORiZONS,  FROM  COUNTINQ  SIMPLE  SWITCH  CONTACT  CLOSURES 


>  TO  HIQH  SPSED  PULSSS  Fnom  7TL,  CMOS,  G/9  OTHBR 
electromk:  souRces 

~  AT  A  PRICE  LESS  THAN  EQUIVALENT  E.M,  [ELECTRO^ 
MECHANICALJ  COUNTERS 


The  lM«t  of  the  CUB  u  e  tiny  cuaon  lilicoQ  chip  developed  by  Rod  Lion 
CoMitdi.  Tbii  cWp  contoine  eU  of  the  couMif»(  Md  diipley  cLtcisu  in  an  eroe 
lew  ihtn  .08  (Smm}  iqoeit  incbet.  Via  "Miffo  otififrMhecfcipandqdior 
poripbofol  pom  art  eooehod  to  a  eobwiBie  with  tbe  ekcincel  oonMctMiu  b^l 
made  ohnaonially  -  viiiit  wiio  appeoaimauiy  1/3  the  diamiar  of  a  humin 
iMir.  Hm  lOBok  is  an  euiiroly  new  eoncepi  in  eeymJng .  iboc  ii  not  only  coat 
dFofltive.  but  epaM  the  door  to  eoming  applicationa  tba  nmil  now  weft  not 
eeoMwaicaUy  feaiMe. 


AND  HERE  ARE  SOME  MORE  ADVANTAGES: 

SELP  POWERED 

Self  •CoMamd  benenw  elncMM  Cm  need  for  oatianwl  power  and  prevent 
lofcofeonnf  ilpowarfaili.  Alao  proridei  Ser  rnmea  or  ponebte  apfdkaiMnc. 
Banevy  oparatian  aleo  meade  obmimtinn  of  abock  haanid  and  aUowt  iba  me 
of  XHMOuoor  ben  wife  for  neeni  aiviela  md  Miompewur  input  eipnale. 

BaneriM  ere  eaaily  fudeneaMa  (2  'AT  CeUr .  NNiImt)  and  evere^  beuety 
Hfe  b  Iftur  yuare. 

WON  SPEED 

Ybe  5«]00cp«  ooom  ^pead  ia  ai  keat  100  timu  faater  Umh  "kigA  pn/ar^ 
WLecr'  EMc  ineiuan.  Tbia  opeca  ep  vaat  new  cpidacMtiae  areaa  that  pre* 
viouily  were  ;anpoaatMe.  or  m.  beet,  acfcoiewodaied  by  expcncive  eleafonic 
conUen  ooatniit  3  to  10  tbnea  ea  nwich. 

FiEJtsmurr 

VaTiowa  ctMM  bapeM  allow  «w  wuh  iwitcb  coodacu  cr  bigb  apeed  pulac 
ouipuia  tdecuenic  aeniow  tad  rveuite.  Tbe  leaai  ftmcaioe  oan  bo  dia- 
abled.  aot  ep  for  fraai  penal  mem,  ?«unow  reeai.  or  both. 


NO^WEAR,  N0440ISE 

Ibe  CUB*i  aicR>>«ifenau  can  aoanraialy  and  aflanUy  arremelaia  aneutb 
oeenu  k  one  benr  le  oomplaaaly  wear  out  an  ordinary  &M.  eoMUar.  More 
over,  it  can  Nfnai  tbia  paifoneanaa  3500  tunes  (4  ymn)  widi  je«  cm  art  cd 
beoerier 

RELIASILITT 

InteauJ  *wdffw  arareadk*  ooneveeiion  wsthatanda  meny  timea  the  17” 
feme  of  ibecfc  md  vibraiaon  cewpeied  to  eonvaeiianal  eonaiiemiun. 

CUB  eeenaan  elae  feamni  eleitomerir  rowani  Tbts  eltaninaaM  lorif  icnn 
probioBi  aeaocsiated  witJi  nnttaff  cctroaion- 

Baaery  opetaiien,  a  high  degiee  of  bipui  fUiehui.  pluc  an  inherent  wmanon 
mode  i^eotien  mao  of  aaore  dien  130dB  •  5Q^60Hi.  providae  ehrabith 
unnenuty  front  eieoiicel  notae  iaintferonoe. 

RUQOED,  SEALED  FRONT-PANEL  CONSTRUCTION 
Honeed  in  a  dw^mei  aMui  caaa,  CUB  ocewian  an  fiont  paaial  aaalad  and 
detignad  to  meet  NEMA  4/IM3  cpacificaticna.  for  waib  down  and/or  dust 
whan  preparty  muUad. 


SPEaFtCAlTONS 

1.  rnSPLAY:  ^digit  LCD 

C^iB  I  •  OJ*  f5mei  kagfa  CUB  3  •  0.3r  (Vww/ high 

2.  BOWER  BOmCE;  No  eaaeteal  power  leqmjcd.  Operataa  fnan  2  "N”  type 
atbitor  batsct^  (teppbed  aeparwely).  Batarry  lift  op  to  d  years  or  snore. 

3.  COUNT  *  RtSCT  INPUT  SW3NAU:  Adipla  to  Coiau-Swiicfc  Ccnuci 
Siipuda«  Opart -CctUaaoir  TitanaieMr  Outputi.  and  Bi’Prdar  Drive  Cwtpuu  es 

dm  diaiiamn  m  priurting  p^c  Coeaner  increimMs  and  rssetk 
on  oagetive  going  (gdl  dawn?  imtsitioB  of  eoani  or  teat  atgAiU. 

4  OmATfNC  TBrti  £R  ATURE  RANGE:  O'  to  5rAV  Hi"  w  122^ 

J-  SroRACt  TISMKRATUIIE  SAlWEl  Itfio  (4*  le 


6.  COUNT  3FCED:  Up  to  50cpe  witk  leiirti  oomea  Hfwi  femmirfr  Aavr 
wttrmi  ila  boencr  tvemiis)  or  ep  to  SOOOepa  with  aoBd^nue  eleciAaitc 
inpei  (5«a  dieg maw  am  prreedorg  jMgrJ. 

NOTE:  OntyAUuUuu  CtUi  nrr  rrcnmwffudfd/w  me  wiik  CUB  Comtgrt  DO 
NOT  USB  CARBON^IINC  BATrEEIES  rucc  fAry  have  abarr  1^4  timm 
•ad  res  /rod  afrerm/yrr  coating  miti'mk/  cormrioa  dtteMgr.  When  cMag 
iwiick  temiueU  fw  eotmt  iapaO  or-  maeofir  rewf,  ntrmatfy  epua  canMcl 
cirviMifcr  rrfewwwaJcd.  SwircA  cwuowf  lAoi  mnwin  aomi«/i'y-c/eMd 
•Rd  orv  aiNiaad  oe/y  to  rignaf  o  cowu.  oew  rediict  AoKary  N*  to 

tcwifioapj  Iwa  lAaw  4  jwnm . 


USE  CUB  COUNTEftS  Wmi: 

vcm  •  VOLTAOE  COMVtRnil  BOOULES  f«i'  /••JitfMf,  A.C.,  contm  ra/Mg*  touni  input,  ie  tTOi/AC, 
LCM  •  Loom  CONVSHTCK  BOOULCt  ler  IntmriuM  with  ,lmnP,nt  iugit  vuttmgum  i  uulpult, 
fVBA  ■  POWtR  AUPPLY  »  IMTeAFACe UODULC  nr  •ptrtllun  with  mimatnnit 
/Sno  Aooooeorp  Section  Of  fho  Coto/09/ 
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DIUENSIONS,  INSTAUAVON, «  BATTEflY INSERinON 

Alter  canai  owiiiit  in  p«»l,  iUd«  die  |mimI  fultfi  ant  die  iwr  fll  V»  Meke  itmdwBdcfuliarubiefdK  tiipe  fit  inn  die  iraem  ia  dw  tide 

cnwMiT  bod>  IQ  die  hMk  cf  die  teeeA  Tlwi  elide  cawer  dmufli  liir  peael  ^UiceniMerbadyiadiudKTeefEedi'or'Teie'indtebeiaMBdicpeiiel 

1— «n  finuAiiiil  cli)M  en  eack  ride  aC  eoeauei  body  with  aManlni  epeteag  ead  body  a>  ibe  eemy  en  bflHtaed. 


•ciewe 


eLEcrmcAL  connections 

Wirintiweiaeiiwii-eiriicbMorioieaioee  ioia(um*cuceB  beaiedevidi  I.  A  wad  loa|  wire  lane  la  coble  iiwulM  oe  waduiu  *idi  yooer  erioaiii. 

ataaoei  eay  kind  «l  iriit  and  ant  diiWKas  d  kandiadi  d  Ml,  due  lo  die  X  Moane  ike  CUB  ia  e  peael  ihei  ii  inwnded  in  die  aieririae  liane. 

edneautei  of  lowwatuie  kw^tanaai  openiiMn.  Tbe  admieai  aciu  aa-  3.  Whaa  aring  aeeeeaoey  device#  eackei  UX'iccraM’eaiiDdia  ILS.  CNT. 

nKenly  ■dHevyfthertm  hulk  tele  cut  Caaaeti.peinikiaeeeraMld elded  legal,  ike  eoceiaaiy  devicae  ihaaM  be  awaniedBear  ike  CUB  Coaeur. 

aimg.  keaavar  da  foUowbig  graeeerieui  en  idvieeble  eepeeietly  te  kifk 
eteeiiiiel  laiiee  eavlMiamm. 


ofUKmnt  iNFomiAnoN 

1  Bckenee  NOT  eieirind  enti  eauniere.  erdei  lepeiaiely.  2 
leaund  eer  unk. 

T  riwraniiintilledalti  miitrtilhinfre-t  kieludee  I mwering 
drie  k  aseae.  aanel  geekei.  2Mre  nuei  •  kkie  MiiMnri  wee. 
3  Ceowe  iinTfiV  aWi  eenneaet  body  k  oMie.  yelea.  •  Meca 
aaen.  Ke  CA  weboee  nmaa  k^  k  one  eadi  el  kleek. 

oMe.  kkn.  k  yakoa  lanamal  wee 
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LOW  SPUD  COUNT  INPUT,  UCPS  MAX.  (Tof  ZS0cp9  9—  noi9  In  fgfj 


- jj— 

as.t.  CMT. 

CHIP 

eoMT 

^  sres  3 

'p  p< 

-  Ult 
r  t.ov 

CSsca.mi. 
asfT  ts. 
PCQIWII 

N«*N  O.C.  TIIANBISTOA 
OK  (M)  PET  INPUT 


PuUiflf  fbe  L^.  CST.  laput  to  Conmon  with  t  ntc'.iwicml  or  rotk)* 
sutc  fwttch  incrBiiiciits  the  counter  The  low  pr«  Otter  (Itpc^  fcciuof 
end  ATOOfg  cap)  need  with  a  Schmidt  tr^ivsr  dfcuit  debouacae 
mcchiuiiotl  fw|t^  ngaalt.  The  ewitdi  Mad  ii  Muampe  (buu.  vuhaipe 
diop  OJV)  wtien  ON  OPF-eute  laaknfe  must  be  ten  thea  2»anpR  at 
3V. 


COlkt.  CMT. 
cat.*.  ciiT 
anu.w. 

afftT.fii. 

acWMMM 


PNPO.C.  TUANS’ 
iSTOK  OR  (P>PET 


UMT  •« 

r 


Rom;  ewHches,  mcmaiy  wetted  ooatacu,  soap  aciiMi  Mttt  awitclws, 
■ad  salver  aUoy  rday  caatacis  wish  wquag  action  are  uswafly  ladaiaciaiy 
for  feaentiaf  count  iapn  rri^h  Motor  staiter  crntacti,  tmtssra 
ecatacts,  and  brualHype  cmcacai  should  NCfT  be  use. 

NOTE:  By  paratki  ammtumg  both  HS  CNT-  «nd  LS,  CNT.  inp*ia, 
coeifi/  ysnf  con  hr  mawami  an  2yJcps  tf4e-^ome»  ig  mot  .aaadad 


R  values 

for 

Pic  2  a  } 


ttl  on  CMOS 
output 


NP  O.C.  TtuaoiSTon 
RW-POlAR  OUTPUT 


NPN  O.C. 

TRANSISTOn 


IBH'JIMWl 

Buxiuiar 


Moving  the  wtihe  wiie  to  the  H.S.  OTT.  input  aOoue  the  CUB 
CcMuiter  to  opente  at  speedf  up  lo  50C Jcps  when  driven  by  hi  pnteT  out¬ 
puts  cr  ujctemai  cirmiu  haviag  an  output  unpedanee  of  3JICohms  or 
ten.  Input  drive  vottage  must  be  limited  to  3.0V  truudnini  to  avoid  a 
chs^uig  current  into  the  baiteriee  which  can  eawc  preauture  battery 
failure  or  teakage-  CMOS  and  TTL  Logic  outputs  can  be  tended  with  a 
lessor  (Rf^  to  limit  drhe  voltage,  or  a  vohage  divkler  can  be  tieed  as 
ibosm  for  the  PNF  O.C  TnnsiBKw  outoui. 


NiSBT  OPTIONS 


M 

CHIP 

9  pSL 

«> 

1  co«n 

1  ^ 

— 

:  4rosef 

Om.s  evi 

(UL.t  evT 

OMu  asT 

t:r»s»  «• 


- SIMOTI 

tuja  „p  stiff 


Vw{Hkli)  •  ♦ZTVnm  ♦SJVaiwL 
(Low)  M  ±  0.5V  max. 

NOTE:  Ttm FSMA  Si^pfy  mtd imMffoct  NoAikt  tmS prpcumimif 

RLC  muon  wM  CUB  Cmmm%  9m  pnpar  liWBjteci  lUiyia /br  dlhucr 

&iv€toH.5.  cm". 


Connecting  the  RCT.  EN-  (Rceci  Enable)  1^  to  Common  tctmtiM 
the  front  pnael  Rcuat  button.  Wbta  the  front  pMat  Rm^  button  it  to 
be  de  nctivnted,  remove  the  yeWow  wire  from  the  RTT.  EN.  Input. 

When  Retnoee  Rcaet  U  requteud,  the  blue  wue  ri  the  harduttfu  padc  h 
iiiaerted  in  the  REM.  R5T.  Input.  fuP^  this  input  \tm  rsiwen  the 
counter  to  renm.  The  REM.  RST.  esn  be  pugrd  low  by  ^ch.r  a 
wiachinical  Mriidi  or  anlkt-ewr  trawititnr  awiich.  Switch  loud  and 
liakayr  are  the  mine  as  lor  LS.  QiT.  Input  ^oon. 

NOTE:  77U  KCpntocium  iMmi  on  Ar  REM  RST.  biptii  emua  a  tMay 
ot  opt*  luhniftirh’  Am$$c  m  Atm  lanyuiar. 
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%  o(  Kaani 

AW  aM.n  Na.  aMMKK . NCT  iA«M 


a  Btaao 

’Ml  o(  atpaaoit 


And’.amtiaa'ay  «>aM  aa  ta  tamaiaa  aa 
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atm  w<t<)  aMmMat  tMal 
aprata  and  fcMKva*  O- 
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pniaatM  d>ap  CaaaaMlana  v<'  twnaw  (xcw 
HHoaoa 

mkr^—fOf  rrawntinp  dtt'actly  In  and- 
ddJWt  MOUJIT— Mat  **ro  (oak  Atilii  an 
Mm  hK  moamtna  on  puna*  up  to  '/a'  dvtek. 


.  A-Mad*  at  hMM  wNb  a  aMOCi 
iMMp  Odd  haad>ait«  Mhra  aoM  that  (atMM 
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€tuf4  Iron  Air  SoletMW  Vntres 

A.  lAWdd  (twyaidny 


thauM  neoMiM:  190  pal 
dnwM  Tawpaclact  IdhT 

a  at  amak  aaMMioiaiMaa  M  an 
tdeoMMtoarairMtnia.  f  »cnMam 

(Men  ayaMw.  may  aha  oa  atad 
ttMMHit  pradueia  »»d  oD’ai'  ho- 
a«tf  It  (itnti  hen  wlh  alahtiaM 


tlatlinianMilad>«  tiiaMhaMtmaaih^hnotnMaHnalHia.  Vatataap- 
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W.. 

W . 

ML 

w« 

w 

..  W  . 

. , 

.  y.. 

. H' . 

. 

...taw-  .. 

. S’- 

y . 

. ’W . . . 

...•VW"  .  . 

. . r.. 

toaaam. 

Ma.  MUr  KAW 
.....  «9M0KI9  .-.999JW 

- . al9MK90  ...  9944 

. 49««cM«....ynMr 

. AWdMoa ...  mry 


Looifcwaao  Aar  in 

a  WBiilaniia  hMMa:  tCA  pM 
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WATER 

DETECTION 

SENSOR 


17? 


1334  QmnviM  Road 
LlOranga.  GA  30340 
iwturioiM  nn«S4-3006 
F«k  706464^10 


AM  MBS"' 

wW  mSm 


RLTRATION  SYSTEMS 


900-91 1 

WATER  DETECTION  DEVICE 

DETECTS  HIGH  WATER  LEVELS 
IN  FILTER  SEPARATOR  VESSEL  SUMPS 


DESCRIPTION: 

Tha  d0&-911  Watar  Oataction 
Oavica  waa  tfav«lop«cl  to  raplaca  tha 
ffoat  control  and  slug  vaivaa  utad  on 
fttar  saparatora. 

Tha  90O-?1 1  Watat  Oataction 
Oavica  datacta  watar  laval  in  filtar 
aaparator  vaatal  aumpa.  Whan  a 
high  watar  laval  la  datactad  an  alarm 
»lgM  wma  on.  Paraofwal  can  than 
manuadv  drain  tha  watar.  Ilia 
auxiliary  contacta  can  oparatc  an 
alarm  or  ahut  off  tfta  ptrmpa,  ate. 

For  yaara  individuala  hava  had 
difficui'ty  trouMt  ahooting  float 
cwttroi  and  alug  vaivaa.  Tha  800- 
S1 1  ia  at)  rtacvic  davica  and  is 
axtramalv  nSMa.  Tha  800-81 1  la 
aaaiar  to  diagnoaa  and  rapair  than 
hydrauMc^  t^aratad  ttovicaa. 


900-811  Watar  Oatvetion  Davica  Float  Ataambly  shown  abovt. 


OPERATION: 

A  donut  ahapad  float  ia  inatal.ad  on  a  pra  OriHad  piata.  This  piara  aaaamWv  fits  on  tha  float  control  v^va  mount.  Tha 
float  tidas  on  a  atainlaaa  ataal  atam.  Whan  tha  watar  bagina  to  n$a  in  tha  aump,  thit  float  foSowa  tha  intsThwa 
batwaan  foal  and  waw.  Tha  contseta  inawa  tha  atam  ara  acrivatad  by  tha  mag.iat  in  dia  float  whan  tna  ws«n 
rnachaa  tha  alarm  tava*.  An  alactronte  ralay  ragiatara  thia  contact  cloaura  bacauaa  of  Oia  inerwaa  in  raaiatiidty  of  Oia 
cloaad  contacts.  TWa  madiod  of  aignat  pravants  high  voitaga  inaida  a  vaaaal  fiilad  with  jat  fuel  and  mafcaa  «ha  unit 
intrinweaHy  w^. 
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FILTRATION 

SYSTEM 
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6S22S^  lU^  STRAINERS  —  BOTTOW  CUSAN  OUT 


AvAdWtr  With  9.  to,  20  40. 

60.  40  or  100  M«s6. 
SPCOrt'  ^H€N  OROCfthVO 


*10  m*t 


At/iuwblA  wrilri  20  Or  40 

Mfvl*  Tyoo  314  $  %. 
VtCI^'y  WHCN  OROERING 


rriirn 

UME  STRAINEn 
BOTTOM  CLBANOUT 

eoMTnucTiON  r^am-s 
flwly  Cm> 

Cip-.  C«(i  lnM> 

'fcM:  Iron 

Sir«in«r:  0Miiii4M4  SIM<  Tyo*  394 


asE 

LINE  ST> 
BOTTOM  C 

CONSTWUCno 
i3o^y.  Mi*' 
Cftp:  Mutr 
Yoii«;  A)ur: 
S  Minor.  SWiitBM  : 
$»  eMirow  Nut 


fill* 

r 

V-iC 

r 

4‘ 


iO  ft* 

U*i;4  Iba. 

1&.1M 
27  ftK. 
4S  iba. 


MvA'iabis  wim  to.  20.  40 

60.  30  O'  iwO  Moth. 
9RCCIPY  WHEN  WOfajjyO 


[3!OI.:] 

UN£  STRAINER 
.IITAiNl.BSS  STEEL 
S0TT3M  CLSANOUT 

coNs-mucriOH  m>taii.» 
aofly  St»K.t»M  StMi  ■  fyjis  JH! 
C»:  Slwnow  fltMl  -  Tv9*  316 
^e,%a  Stn'itleryi  Smol  •  Typy  3ie 

SirtiAvr  SiomiiMi  iitMl  -  Typn  116 
SOI  Sc.'4w  4.1s  Nvi:  SWffIMU  SIMI 
aatli«i'  TnOon 


Sim 

2“ 

15  ‘t». 

3* 

zr  «•. 

nA  mum 


CaSEL 

UNE  STR 
BOTTOM  Cl 


oDieTsucncH 

BiMiy:  DueU4 
Cyp.  IXicM* 
Y«)ia'  M«iki«b 
IU<«in«.r'  BtsinIMa  Si. 


AvmtttM  w-ih  6.  19.  ».  40.  Hi* 

60.  60  or  100  Mnn.  2' 
SPECIFY  WHEW  CWESINa  J 


AG-CNI!MiCAL  UUE  STRAINiR 


NYLON 

UNI  STKAINIR 


ooMUfMiCTioM  mruun 
»90y  Nylon 
Cw>  14y<a« 

Ss.Wntr  fe4iRt»in  Sin# 
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MEKORANDOM  FROM  COMMANDER,  DIVISION  SUPPORT  COMMAND, 

24TH  INFANTRY  DIVISION  (MECHANIZED)  SUPPORT  COMMAND, 

FORT  STEWART,  GEORGIA  31314 

MEMORANDUM  FOR  COMMANDER,  U.S,  ARMY  BELVOIR  RESEARCH, 
DEVELOPMENT  AND  ENGINEERING  CENTER;  SATBE-FL, 

ATTN;  MR.  M.E.  LE  PERA,  FORT  BELVOIR,  VIRGINIA  22060-5606 

SUBJECT;  Filtration/ Additiva  Unit 


1.  As  W8  bring  our  us«  of  the  Filtration/ Additive  Unit  (FAD) 
to  a  close  at  Fort  Stewart,  I  would  like  to  personally  thank 
you  for  your  willingness  to  send  it  to  us  and  allow  us  to 
utilize  it  in  cleaning  up  our  fuel  contamination  situation. 

I  hope  you  found  its  use  as  beneficial  as  we  did. 

2.  We  found  the  FAU  to  be  effective,  to  perform  as 
advertised  and  believe  that  there  is  a  definite  place  in  the 
Army  inventory  for  such  a  piece  of  equipment.  As  you 
continue  development  of  the  FAU  and  eventual  fielding,  there 
are  several  issues  which  we  recommend  be  addressed. 

a.  PlaLtributlor .  As  we  transition  to  a  single  fuel,  the 
need  to  maintain  clean  fuel  is  doubly  critical.  Utilization 
of  JP-8  for  the  entire  force  requires  that  all  fuel  within 
the  Division  be  maintained  at  Aviation  specifications  all  the 
time.  We  recommend  a  minimum  of  one  FAU  per  Division,  to  be 
located  in  the  Main  Support  Battalion.  Under  ideal 
conditions  we  would  prefer  a  minimum  of  one  FAU  per  each 
Forward  Support  Battalion,  the  Aviation  Support  Battalion 
(ASB)  and  one  in  the  Main  Support  Battalion.  Fielding  of 
five  per  Division  will  strategically  place  the  machines 
across  the  battlefield  and  will  ensure  that  fuel  purification 
capability  is  within  reach  of  every  unit  on  the  battlefield. 
Also,  fielding  of  five  machines  will  allow  the  machines  to  be 
mutually  supportive  should  the  need  arise  and  will  also  allow 
cross  leveling  of  them  should  one  become  non-operetionel.  We 
have  learned  that  only  one  of  "anything"  can  be  a  problem  as 
the  loss  of  It  can  bring  an  operation  to  a  quick  and  complete 
halt. 


b.  Mission  Assignment.  Recommend  the  mission  to  operate 
the  FAU  be  assigned  to  the  Quartermaster  Corps  and  ultimately 
the  supply  and  service  companies  within  the  Division.  Logic 
dictates  that  the  mission  of  fuel  purification  be  assi^ed  to 
the  agency  which  actually  handles  the  fuel.  This  provides  a 
single  source  for  customer  support  and  eliminates  the  "middle 
man"  when  a  fuel  purification  mission  is  to  be  performed. 
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SUBJECT:  Filtration/ Additive  Unit 


c.  Militarization.  Recommend  you  continue  plans  to 
"Militarize"  the  FAU.  In  its  current  configtiration, 
fittings,  filters,  and  controls  are  largely  exposed.  Their 
exposure  increases  the  danger  of  damage  to  the  FAU  from  tree 
limhs  or  other  items  which  may  be  encountered  in  a  field 
environment.  In  order  for  the  FAU  to  be  a  vizUale  piece  of 
equipment,  it  must  be  capeible  of  going  to  the  field  and 
operating  in  a  tactical  environment.  For  example,  recommend 
you  consider  mounting  a  "box"  over  the  fittings  and  hoses  of 
the  entire  unit  in  order  to  protect  it  from  dzimage.  Looking 
at  the  Reverse  Osmosis  Water  Purification  Unit  (ROWPU)  design 
and  structure  may  provide  insight  into  this  recommendation. 
Also  recommend  you  consider  redesigning  the  electrical  system 
(taillights,  etc.)  to  accept  a  24  volt  system  in  order  for  it 
to  be  compatible  with  tactical  vehicles.  The  weight  of  the 
FAU  requires  it  to  be  pulled  by  either  a  2  1/2  Ton  cjirgo 
truck,  a  5  Ton  Cargo  or  a  5  Ton  Tractor.  Recommend  the 
towing  lunette  on  the  trailer  be  redesigned  and  relocated  if 
necessary  in  order  to  ensiure  it  accepts  the  towing  pintle 
from  the  towing  vehicle. 

d.  Miscellaneous .  Recommend  you  add  a  flexible  "wand 
type"  device  (3  to  4  feet  in  length)  to  the  end  of  the  intake 
hose.  This  device  will  assist  greatly  in  reaching  fuel  cells 
of  all  types  of  vehicles  (tracks  and  wheels)  and  will  also 
help  reach  secondary  fuel  cells  on  combat  vehicles.  This 
capability  will  enable  the  FAU  to  provide  a  more  complete 
filtration  capability. 

3.  Again,  I  would  like  to  express  my  gratitude.  The  entire 
petroleum  community  rose  to  the  challenge  and  provided 
detailed  and  greatly  needed  assistance.  Professionals  from 
your  organization,  from  Southwest  Research  and  from  the  Army 
Petroleum  Center  worked  long  and  difficult  hours  in  order  to 
keep  the  24th  Infantry  Division  (Mechanized)  combat  ready. 
Please  feel  free  to  call  if  we  can  be  of  assistance  in  the 
future.  My  POC  is  the  Division  Materiel  Management  Officer, 
MAJ  Bryan  L.  Wiles,  DSN  870-8993. 
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let  Reconnaissance  Battalion 


187 


188 


UNITED  STATES  MARtSME  CORPS 

nirr  nwotiNAtMAMa  lAiiYiMMn  ttjatfr  aiminmukii 
icr  Pftww  snntuuM  mwo.  raw 
-n— r  mtmMWm.  cammnwm  MiwitHMa 


IN  nan.v  MmM  ros 

4700 

CO 

4  Mar  93 


From:  Conmaading  OfiJicer,  1st  Reconnaissance  Batixalion 

To:  CoBDBander,  1st  Siarine  Division »  AC/S  Logistics 

Subj:  FUEL  PIXTKATION  AKD  ADDITIVE  UNIT  (FAAU) 

Enel:  (1)  U.S.  Array  Balvoir  RDtE  Center  Special  Bulletin 

(2)  U.S.  Army  Belvolr  ROSE  Centfir  FAAU  Pamphlet 

(3)  Trip  Report  froa  Kr.  G.  B.  Bessee 

1.  SaokgrtMind.  For  at  least  a  year  the  Battalion  has  experienced 
continual  problems  with  the  clogging  of  secondary  fuel  filters  on 
the  light  armored  vehicles  (LAV) .  All  indications  are  that  the 
cause  is  fue}.  contaminated  with  water,  microbiological  agents,  and 
sediaent, 

a.  BuUc  fuel  delivered  to  our  tmderground  storage  tanks  is 
treatcMl  on  site  with  a  biocide  and  stabilizer  that  eff actively 
checks  microbiological  growths  However,  as  the  fuel  is  stored  over 
relatively  long  peuriods  of  time  both  in  the  xwderground  tanks  and 
LAV  fuel  cells,  it  grows  increasingly  contaminated  with  water 
through  condensation.  Simultaneously,  microbiological  growth  that 
has  been  terminated  by  the  biocide  additive,  along  with  other 
particulate  matter,  settles  to  the  bottom  of  storage  tanks  and  fuel 
calls  foruLng  sludge.  During  vehicle  operation  the  sludge  is 
agitated  and  passes  into  the  fuel  system,  ultizaately  clogging  the 
two  filters, .  particularly  the  secondary  (five  micron)  filter. 

b.  more  often  fuel  is  utilized  the  better,  as  condensation 
and  algae  growth  is  minimized,  as  is  the  formation  of  sediment. 
However,  LAVs  rarely  come  close  to  utilizing  even  half  the  fuel  in 
their  cells  during  a  typical  training  week«  Because  this  condition 
exists,  and  vehicle  performance  is  so  adversely  affected  due  to 
clogged  filters,  to  date  there  have  been  four  approaches  to  the 
problea. 


(1)  Fuel  ccU.ls  are  "topped  off"  at  all  times  to  limit  water, 
formation  through  condensation. 

(2)  Periodic  purging  of  the  storage  tanks  is  required. 

This  is  not  only  a  costly  process,  but  can  also  result  in  the  loss 
of  already  purchased  fuel — now  contaminated.  There  is  also  the 
added  cost  of  disposing  of  it  as  hazardous  waste.  Additionally, 
there  is  significant  lead  time  required  in  acquiring  this  service, 
and  the  recovered  fuel  is  only  run  through  a  two  filter  process  as 
opposed  to  the  FAAO's  six  filters. 
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(3)  Fuel  filters  are  replaced.  Filters,  of  which  there  are 
two,  cost  ?2’i,00  each. 

(4)  LiiV  fuui  calls  ^lre  removed  from  the  vehicle  tor- 
purging.  This  is  a  manpower  intensive  process  as  it  take*  two 
Tiechanlcs  lo  hours  to  complete  the  task. 

2.  CiaCHffifiifill-  problem  of  poor  fuel  quality  is  apparently 

widespread  as  disctissed  in  enclosure  (1),  Ti.«  crux  of  the  problem 
at  our  level  is  to  find  a  way  to  periodically  filter  the  fuel  in  the 
£t07^96  tanks  and  LXV  fuel  cells.  He  have  been  proactiife  is 
pursuing  strategies  to  identify  r^olutio^s  that  are  economical,  and 
at  the  same  time  minimize  labor  costs  and  negative  impact  on 
training 4  Part  of  this  effort  has  been  to  seek  assistance  and  - 
recommwndationff  from  various  agencies  responsible  for  fuel  handling 
within  the  Division,  KB?  and  Base,  structures  (e.g. ,  F8SG  Bulk 

Fuel,  MCB  Bulk  Fuel,  MUSS  Bulk  Fuel,  etc.).  We  also  sought 
information  through  our  various  £AV  specific  contacts,  for  example, 
MCLB  Barstow  and  Albany,  the  LAV  Program  Manager-  (LAV»*FI€) ,  etc. 

a.  Clf02  Shlhinski,  our  maintenance  officer,  seeus  to  have  found 
a  potential  solution  through  the  LAV~PM  {Engineering  Section),  CJ.S. 
Army  Tank  Automotive  command  (TACOM) ,  Warren,  Michigan.  He  was 
informsd  by  TACOM  that  an  sxperimental  filtering  and  additive  device 
was  under  development  by  the  U.S.  Army  Balvoir  Research,  Development 
and  Engineering  center.  Ft.  Balvoir,  Virginia  (Enclosure  (2))- 

b.  In  December,  CW02  Shlhinski  contacted  Mr.  Maurice  E.  Lepera, 
Chief  of  Fuels  and  Lubricants  Division,  Ft.  Bel  voir  RO&E. 
Arrangements  were  xoade  for  the  FAAU  to  be  shipped  to  us  as  part  of 
the  testing  and  evaluation  process.  Technical  assistance  was 
provided  by  Mr.  Gary  B.  Bessss,  a  representative  from  Southwest 
Research  Institute.  Mr.  Bessee  confirmed  that  any  cost  would  be 
absorbed  by  his  agency  as  the  device  was  still  under  developmental 
study  at  Ft.  Bel  voir.  Prior  to  shipment  it  was  clear  that  no  cost 
would  be  incurred  by  either  First  Division  or  the  LAV-PM's  office. 

c.  D^lring  the  approximately  one  week  in  late  February  that  Mr. 
Bessee  and  the  FAAU  were  on  site  here  at  Las  Flores,  oar  entire 
stock  of  fuel  was  filtered  to  the  0.5  micron  level,  ^is  includes 
the  fuel  in  our  storage  tanks  and  94  LAV  fuel  cells.  The  key  point 
is  that  removal  of  the  fuel  cell  was  not  necessary  for  efficient 
flitting,  and  each  fuel  cell  took  less  than  20  minutes  to  purge 
using  only  thia  aachin®  and  a  single  operator.  We  subsequently 
shipped  the  unit  to  1st  Tank  Battalion  with  ova  own  operator,  where 
it  is  my  understanding  that  over  14,000  gallons  of  fuel  w«re 
cleansed. 
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a.  Tbtt  savings  realised  in  ].abor,  nat:arial,  and  fees  to 
civilian  contractors  to  clean  storage  tanks  are  oJ^ious.  It  is  also 
extremely  easy  to  operate,  reiiuiring  only  about  15  minutes  of  OJT. 

b.  A  system  like  the  FAAO  also  has  strong  application  to  the 
Marins  corps  as  a  primarily  expeditionary  force.  Based  on  our 
rsBCMu-ch  into  the  idatter,  there  is  no  filtration  system  similar  to 
the  FAKtJ  currently  organic  to  the  Karine  Corps.  It  is  our.  belief 
that  it  would  have  imuediate  application  both  at  home  and  ateoad. 

.(!}  The  fuel  probless  experienced  during  Oesert  Shield  and 
Desert  Storm  are  legend.  The  most  setiior  staff  noncommissioned 
officers  who  serve  in  the  Battalion's  maintenance  section  attest  Jto 
the  difficulties  they  experienced  with  contaminate  fuel  from  MPF 
sources.  *nisy  also  deecsribe  severe  problems  with  "bad*  fuei. 
delivared  long  after  MPP  sources  vers  dry. 

(2)  As  2in  expeditionary  force  we  routinely  deploy  to 
nations  that  are  unlikely  to  maintain  an  acceptable  level  of  quality 
control  in  fuel  storage  and  shipnent.  It  is  likely,  therefore,  that 
a  deployed  force  would-  be  required  to  utilize  fuel  pnrehasad- 
locally.  It  is  also  likely  that  this  fuel  %xMild  have  some  level  of 
unacceptable  contamination. 

(3)  In  tlio  event  of  conflict,  contingency  operations,  etc. , 
captured,  enemy  materiel,  particularly  fuel  stocks,  have  proven 
useful  in  relieving  the  pressure  on  friendly  logistic  systems. 

These  stocks  could  suffer  from  some  degree  of  either  intentional  or 
unintentional  contamination. 


c.  The  effectiveness  of  the  FAAU  is  clearly  evidenced  by 
enclosure  (3).  The  point  of  this  paper  is  to  pass  on  whet  ws 
bsllsvs  to  be  very  useful  Ini^ormation  and  recommend  involvement  in 
the  development  and  fielding  of  the  FAAU. 


:  Wi: 


J.  F.  Kelly 
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ATTN:  USMC-LNO  (MAJ  OTTO)  1 

US  ARMY  TANK-ADTOMOTTVE  COMMAND 
(TACOM) 

WARREN  MI  48397-5000 

DEPirrY  COMMANDING  GENERAL 
USMC  RD&A  COMMAND 

ATTN:  PM  GND  WEAPONS  (CB6T)  I 

QUANTTCO  VA  22134-5080 

COMMANDER,  HAS  COMPANY 
ATTN:  COL  J  F  KELLY  2 

1ST  RECONNAIS5.\NCE  BATTAUON 
(UGHT  ARMOR) 

BOX  555564 

CAMP  PENDLETON  CA  92055-5564 


Department  of  the  Air  Force 

CDR  CDR 

US  A.m  FORCE  WRIGHT  AFJIO  LAB  SAN  ANTONIO  AIR  LOGISTICS  CIR 

ATTN-  POSF  (MR  DFJ.ANEY1  1  ATTN:  S^LAIKySFr  (MR  MAKMIS)  1 

WRIGHT-PATIBRSON  AFB  OH  45433-6563  KELLY  AIR  FORCE  BASE  TX  imi 
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HQ  VS  AIR  FORCfi  <.15  SMSQ'i.V'H'  (MM1-P)  1 

ArfN;  LEYSF  1  BUXl  100  ROOM 

WASHINGTON  DC  20330  EGLIN  AIR  FORCE  CASE  W.  32542-50CX) 


CDR 

WARNER  ROBINS  AIR  LOGISTIC  CTR 

ATTN:  WRAI-C/LVR-l  (MR  PERAZ^OLA)  I 

ROBINS  AIR  FORCE  BASE  GA  3309S 


CDR 

USAF  390i  TRANSPORTATION  SQU.4DRON 
ATTN;  LGrVP  (MR  vaUGHi'C  1 

OFFUTT  Am  FORCE  BASE  ME  68113 


Other  Organizations 


DEPARTMENT  OF  ER'ERGY 

CE*151.  ATTN:  MR  JOHN  RUSSELL  1 

1000  INDEPFNDENCE  AVE.  SW 

WASHINGTON  DC  20585 
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